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Simlar to the heterogeneous IP network is nobile/wreless comuni cati on.
Transport of multinmedia content ogalCKQROEWM r el ess channels is very
chal  engi ng because these channels are often severely inpaired due to
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scalable video data.

Background

[0003] Due to the explosive growth and great success of the Internet and wireless
communication, as well as increasing demand for multimedia services, streaming media
over the Internet and mobile/wireless channels have drawn tremendous attention. In
heterogeneous Internet Protocol (IP) networks, video is provided by a server and can be
streamed by one or more clients. Wired connections include dial-up, ISDN, cable,
xDSL, fiber, LAN (local area network), WAN (wide area network) and others. The
transmission mode can be either uni-cast or multi-cast. The variety of individual client
devices, including PDA (personal digital assistant), laptop, desktop, set-top box, TV,
HDTV (high-definition television), mobile phone and others, requires bitstreams of
different bandwidths simultaneously for the same content. The connection bandwidth
could vary quickly with the time (from 9.6kbps to 100Mbps and above), and can be
faster than a server's reaction.

[0004] Similar to the heterogeneous IP network is mobile/wireless communication.
Transport of multimedia content over mobile/wireless channels is very challenging
because these channels are often severely impaired due to multi-path fading, shadowing,

inter-symbol interference, and noise disturbances. Some other reasons such as mobility
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qual ity | evgbtect®A%hnd rror concealment can be easily handled. A more reliable transmission
channel or a better error protection can be applied to base layer bits that contain the
most significant information.
[0006] There are spatial, temporal and signal to noise ratio (SNR) scalabilities in
hybrid coders like MPEG-1, MPEG-2, MPEG-4 (collectively referred to as MPEG-x),
H.261, H.262, H.263, and H.264 (collectively referred to as H.26x). In hybrid coding,
temporal redundancy is removed by motion-compensated prediction (MCP). Video is
typically divided into a series of groups of pictures (GOP), where each GOP begins with
an intra-coded frame (I) followed by an arrangement of forward (and/or backward)
predicted frames (P) and bi-directional predicted frames (B). Both P frames and B
frames are inter-predicted frames employing MCP. A base layer can contain the most
significant information of I frames, P frames or B frames at a lower quality level, and an
enhancement layer can contain higher quality information of the same frames or
additional temporal scaling frames not contained in the base layer. SNR scalability can

be accomplished at a decoder by selectively omitting decoding of the higher quality data
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decodi ng t hsggnifivahily édredsd the cotnpoitiona) hemplexisit ardagpemorycrsapiréreats of Wwake
| ayer and the, second | ayer conprises an enhancenent |ayer. [0008] In
anot her asg&¥t®:-an apparatus for decoding a nultinedia bitstream
conprises a receiver to receive a first |ayer of encoded data and a
second | ayer of encoded data; a copghiner to conbine the received first
| ayer encoded data and the recei vedSS¥EGAR | ayer encoded data; and a
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base | ayer and a second | ayer conprises an enhancenent |ayer. [0009% I n
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differential refinenment. Alternatively, the nethod and apparatus may
further corfiefaeer to receive a first layer of encoded data and a second layer of encoded data; 2

combiner to combine the received first layer encoded data and the received second layer
encoded data; and a decoder to decode the combined data; wherein the first layer
comprises a base layer and a second layer comprises an enhancement layer.

[0009] In the above aspects, the method and apparatus for decoding may further
comprise the method or means for receiving a residual error coefficient in the base layer
data and receiving a differential refinement to the base layer residual error coefficient in
the enhancement layer data; combining the residual error coefficient and the differential
refinement with the combined first layer and second layer data; and decoding the
combined first layer, second layer and the combined residual error coefficient and
differential refinement. Alternatively, the method and apparatus may further comprise
method or means for receiving a residual error coefficient in the base layer data and
receiving a differential refinement to the base layer residual error coefficient in the
enhancement layer data, wherein the base layer residual error coefficient is either a
minimum of an original base layer residual error coefficient and an original

enhancement layer residual error coefficient or zero, and the enhancement layer
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| ayer data and receiving a differential refinenment to the base |ayer
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residual error coefficient. The nethod and apparatus for decodi ng may
further corgphisemestliyed diferentiahrsfinenent tsaletesmined fased onftha kase laygiaesidedl a from
a first quantizatji.on step.size. L: i n. Si Z
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quanti zat i ofiethéd @pd Sipperafisdefoireddeodingndayafpareat aosnpiive methodliongmeang four t her
conpri se nethod or mneans f8r [ dentérfééi ng.i nt er-co.deEPedat a 4 n the .combi ned
data, said GoRY@tngHasEtdayendar g @ HSEYRMAEED {iFP A2P He? 19oPYT d423YgHon

i denti fyi ngydgRr whedaihd 2Rivied stddgd 1A8DINL t chabdd ifi Fhdlsechit! @angowed data
bei ng associated with the second | ayer; and decoding either the

i denti fied sten sire. Tl axtthogt 2ndaaprseatest &a dereding prayf furider peppiiseopethag or
identified ] - . . ' | i gt an Layers.
[0010]  The HEPRE SRR OB, AIRPELAHAR: Hrhtinddled e R Y Fod
or neans fmsociatkenwith yhenfjrst tyemidantiBonglitea-coded ¢ada rothei avedhingdtdata, szdd

i ntra-coded_dat a, hein associ at e i.th the first layer: and decoding the
| Bene £ od infir e S baRn SSeRAER b B o J8¥er AU (dspotife Giter el
further conpgdigedTREPesHcOdateabscidtal with denfitst Yiypgot teridemiddedn@ptaledn t he
conbi ned data, said intra-coded data being associated wth the first
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means for identifying intra-coded data in the combined data, said intra-coded data being
associated with the first layer; and decoding the identified intra-coded data.
The method and apparatus for decoding may further comprise method or means for
identifying intra-coded data in the combined data, said intra-coded data being associated
with the first layer; identifying inter-coded data in the combined data, said inter-coded
data being associated with the second layer; and decoding either the identified intra-
coded data or the identified inter-coded data.
[0011] The method and apparatus for decoding may further comprise method or
means for converting the first layer data from a first quantization step size to a second
quantization step size, wherein the received second layer data is encoded in the second
quantization step size. The method and apparatus for decoding may further comprise
method or means for identifying first layer intra-coded data in a first pass, to decode the

identified second layer intra-coded data in a second pass, and combining the decoded

first layer intra-coded data and the decoded second layer intra-coded data. The method



coded data or the identified inter-coded data. [0011] The net hod and
apparatus for decoding may further conprise nethod or neans for
converting the first layer data froma first quantization step size to a
second quadioa@dbizon step size, wherein the received secoustod@perwidata is
encoded in the second quantization steso si ze. The nethod and appar at us
for decoding may further conprise nethod or neans for identifying first
| ayer intra-coded data in a first pass, to decode the identified second
| ayer i ntr andepiedataafoa desodmngsegoiudheraomprismaehodbr means fohdeqyartizénedhe f j r st
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further comafd se nethod or nmeans for dequantizing the conbined first

| ayer and second | ayer data; .and inverse transformn t he deguant,i.zed
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encodi ng t he e ain Irst”layer e second 'l ayer.
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conpri sing recgei ver, confiqured to select data for encoding in a first
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conbi ned | ¥@14] anGetoRBEAPEd, HOPp@LHs €6t dndodignaatiznddivedAg lcompaisnglat a i n
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coef fi ci entencadedh¢ sedectesiatatrid theafjrsk layareodithd sekend layayy conprise a second
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the inter-coded data in _ o
second coefficients are used for decoding.The data may comprise intra-coded data. If

so, the method and apparatus for encoding may further comprise method or means for
encoding the intra-coded data in the first layer or in the first and second layers.

[0016] The data may comprise inter-coded data. If so, the method and apparatus for
encoding may further comprise method or means for encoding the inter-coded data in
the second layer.

[0017] The method and apparatus for encoding may further comprise method or
means for encoding some of the selected data as inter-coded data in the first layer and
some of the selected data as inter-coded data in the second layer.

[0018] If so, the method and apparatus for encoding may further comprise method or
means for encoding the selected data as intra-coded data in the first layer.

[0019] 51. The method of claim 40, wherein encoding further comprises encoding
some of the selected data as intra-coded data in the first layer and some of the selected
data as inter-coded data in the second layer.

[0020] The method and apparatus for encoding may further comprise method or

means for selecting a first prime coefficient based on the first and second coefficients;



the second layer. [0017] The nethod and apparatus for encoding may further
conprise nethod or neans for encoding sone of the selected data as
inter-coded data in the first layer and sone of the selected data as

i nt er - cod®&® Wae/e9922m t he second | ayer. [0018] If so, thBCHESIOMH08T6
apparatus for encoding nmay further conpgi se nmethod or neans for encodi ng
the selected data as intra-coded data inthe first layer. [0019] 51. The
met hod of clajm 4? wher ei n_encodi n rg CO EI ses _encodi ng  some of
the sel ect eBNHSAIGIAHNE %,89°90¢ BERE 4 lalePh A% OF i ths st 2 pecond COTRECEP: t he
sel ected da@haredSenchdifE fiEARLELHRIsEs hdind 16 SR GARE dodifRfent foQQRéHmnE]ﬁ tiet hod
and apparatus for encoding may further conprise nmethod or neans for
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residual error coeffjcient, and the pethod and apparatus nmay further

conpri se meftgr mprseTetimg the secend PTHEP favEiciont 6quabiq the sesed F‘i’eéfl@?ﬁt to be
either a nwmy M el dddS bp el F é?l@édlﬁ’%‘%éyhﬁlrﬁ‘l%P %Bﬁhgﬁgeeaésb&m{g or
zero, and cal cul ating further conprises set seco rime

coef fi ci ent bleg a(pad@romfmag@t @YPYHIDQ@@T vdctqremfpnnat{oo(muh] th@'rfiéstdmehcﬁdlddﬁ@k
apparatus f r
appar atus { AlacBSRMINL TG R HT\RLE BIRERS, AAAPRLAL AR BLORDERIE" ..\
header |nfoﬂhanmmmdandanmﬁmmnkmemkmmgnﬁyﬁmﬁMHmwmmmeqgmﬁemgmbﬂﬁﬁfn@mihe

recei ved dat a. thod and a tus .f.or encodi er corrprl se
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the first ste&ﬁ5|ze and second step size are related by a scale factor.

[ 0022] The fAst%od and apparatus for encodi ng may further conpri se encodl ng
over head i nfgphRtHiN m MM & a%ﬁatﬂé’ef&h% ! Br 'c8m§n§£e ok

group consisting of data rdentifying a nu r 0 ayers, a | en |fy|ng
a layer as aveizsd infaametion, dalicein dbatdveshemy irfoinsayion iasa amensheh aof ce e

layer, dat aC(I)nCSIIeSEltlgI ]:)}' 'l i er:]ntljf{/}%g "2 number of layers, data identifying a layer as a base

layer, data identifying a layer as an enhancement layer, data identifying an inter-
relationship between layers, and data identifying a layer as a final enhancement layer.
[0023] Furthermore, the above aspects may be implemented by a computer-readable

medium and/or a processor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIG. 1 is an illustration of an example of a communication system for delivery
of streaming video;
[0025] FIG. 2A is a flowchart of one example of encoding SNR scalable streaming
video;
[0026] FIG. 2B is a flowchart of one example of decoding, in a single layer, SNR
scalable streaming video;

[0027] FIG. 3 is an illustration of an example of a P Frame construction process;



rel ati onship between | ayers, and data identifying a |layer as a final
enhancenent |ayer. [0023] Furthernore, the above aspects nay be

i npl enented by a conputer-readable nedium and/ or a processor. BRI EF
DESCRI PTI @0 10P6/0PBiE1 DRAW NGS [ 0024] FIG 1 is an il ustPEr/smiogioszm exanpl e
of a communication systemfor delivery 5of stream ng video; [0025] FIG 2A
is a flowhart of one exanple of encoding SNR scal abl e stream ng vi deo;
[0026] FIG 2B is a flowhart of one exanple of decoding, in a single

| ayer, SNR [0828] dfGe4ds pedinstgtion ofc,; GXP@'BHB:ﬂf an) qacoder jpgocgss for preodpngiafon of

an exanpl e of r I L ORc: ess; WD 2006/ 099221
PCT/ 11 820065866%?'%151(1%%@3%%‘(% &C%?fllds?érg% illustration of an exanple of an
encoder proe29 fHG. 6risadlilhgtratfon dfeeneexhmplerof anvhse hyemaoeinenhendemgat layer

coefficients; [0029] FIG 5 is an.illustration of >xanpl e of a base
| ayer and e?ﬂ‘?g%féeé‘rtré getprRyaGess @’BBTeflf‘é}feeR’i?ceé%sfhé’E’Pd?F 'o‘gess for use in the

process showo3sn FGG6 i¢an [RRBRMorrbiGnothet Sxaiblé bf bhiedlal@nunafenbaothedt
exanpl e of a base | ayer and enhancenent |ayer coefficlent selector

process f orlayersopfficichsefactss rasessHoimse ihtheprgcesg;showoIYIGfe 7 is an
illustratio { R0ANEA BRincemamer
coefficient fbgg]{]eﬁlg}r' bgéggéss g?lpéfs%olt}%??ﬁ%nﬁ%?gggs%gse?hg%m in FInCCie 4,
[ 0032] FI G laericoeffinient delestor pracoss fof usain i amekss sbéwaingd@léoder process for

decodi ng ba I r .dat a;.. ] 0033] Fl G, i | rati . anpl e
of a decodeﬁ)?)a%]o?:ﬁéI ssfl%?n 85%%%%%90%35%&8?15)89&%%5{; uégyéﬁﬁ%%ggﬂ%e%{)dlﬁgﬁ% dat a;
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video, inclydinustniatemeh@d Rk d@Bthn@ne or nore enhancenment |ayers, with

reduced decoder overhead, are described. An _encodi ng al gorithm generates
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base |ayer Hi§a4lerighd@irsillggpsion obenoflier exasiile of ytceRerpagCopBior grivried at
the decoder hel oL, deGHARLNRAT 104 difaen both

DETAILED DESCRIPTION

[0035] Methods and apparatus to provide multiple layers of video, including a‘base
layer and one or more enhancement layers, with reduced decoder overhead, are
described. An encoding algorithm generates base layer and enhancement layer
coefficients, which may be combined at the decoder before dequantization when both
layers are available for decoding. Aspects of some embodiments provide for acceptable
base layer video when the enhancement layer is not available or the decoder may choose
not to decode the enhancement layer for reasons such as, for example, power savings.
In the following description, specific details are given to provide a thorough
understanding of the embodiments. However, it will be understood by one of ordinary
skill in the art that the embodiments may be practiced without these specific details. For
example, electrical components may be shown in block diagrams in order not to obscure
the embodiments in unnecessary detail. In other instances, such components, other
structures and techniques may be shown in detail to further explain the embodiments.

[0036] It is also noted that the embodiments may be described as a process, which is
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.,
Although a flowchart may describe the operations as a sequential process, many of the

operations can be performed in parallel or concurrently and the process can be repeated.



| ayers are avail able for decodi ng. Aspects of some enbodi nents provide for
acceptabl e base | ayer video when the enhancenent |ayer is not avail able
or the decoder may choose not to decode the enhancenent |ayer for reasons
such as, Ww2eexempiie, power savings. In the foll ow ngP@BE820DEHMBTH,
specific details are given to provide agthorough understanding of the
enbodi nents. However, it will be understood by one of ordinary skill in
the art that the enbodi nents may be practiced without these. s ecjf%g
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re-arranged proCess is termnated when its operations are conpleted. A
process maylkor Easpiendlevioe al Ofefuitber, inglutlem eisderm gompensak dip.equagtization

subroutine, a subpr et ¢...\he p C S ion,
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exanple of a co ni cati gn system for deli ver%) of Esﬂilegﬁea%hng vi deo. The
syst em 100 PRUCEHES CHHHRE PHERTR 0 REEOWA J1e BOGHses C BT PR der
device 105 funihen cbRebitdes1s HangFb@isniea pan gidin ihtSspadaladinante aibther
conponent 120, SNR scal abl e encoder conponent 125, nenory conponent 130,

processor céponeaneh agbe fpduency Armmindatihorase 06 RiSOn iicrefeposins, gnskosm) 135
provides t h?hecrgggagéﬁgﬂ i9 geiﬂg @hh 95 QP 6 f‘n%-g?éléﬁeda%r 628 BR%cRh] il QDR

conmponents. storm conponent 115 transforns video data fromthe
spati al donaamsfarmednot Hesan biomeiangodsdiclataawherhghé spejisd musdictivmmiepidial ishe

case of DCT, (discrete.cosi.ne transf.orm.. The data t i s.being

t ransf or rredtr%ﬁh’“ﬁlg‘iioﬁtﬂr %?pcbc?dg%r'ﬁ%q%g A ﬁéesé@l?ﬁﬁoq\% g%%Sf%eg' (Ogher
transf or meddighil tizhsfoats HelutaticcHangar akRrmhDWer (derapataveltt tpmefdim),i on
residual is transforned, or it can he inter-coded data where a residual
error is trénspsewsEnsiormeiuch s wief M Hi2bhnst or s i ncl ude the Hadamard

transform [g¢8sy dhemliShiRon @M PbRnt 15@IBSIeThe number of bits to represent each of

the transformed coefficients. The quantization of the transformed coefficients may be

changed for every block, or every macroblock. A macroblock may be a block of 16x16
pixels (made up of a 16x16 Luma block, and two 8x8 Chroma blocks). The
quantization parameter, QP, determines the level of quantization that is performed.
More digital compression is realized by increasing QP providing for lower quality
digital representation of the coefficients that can be encoded in the base layer of a SNR
scalable video stream. Decreasing QP allows for higher quality digital representation of
the coefficients that can be encoded in the enhancement layer of an SNR scalable video
stream. SNR scalable encoder component 125 performs an interactive selection of
coefficients, in parallel for example, that parses the coefficients into base layer
coefficients and enhancement layer coefficients. The interactive selection of base layer
and enhancement layer coefficients may be done in a way so as to enable the decoder
device to decode the two layers, the base layer plus the enhancement layer data, in a

single layer and will be discussed in more detail below. Memory component 130 is



and integer transforms such as used in H 264. [0038] Quanti zation
conponent 120 all ocates the nunber of bits to represent each of the
transforned coefficients. The quantization of the transformed coefficients
may be chanzeelodzn every bl ock, or every macrobl ock. PCHEHE20040086/ nmay be
a bl ock of 16x16 pixels (nmade up of a ¢6x16 Luma bl ock, and two 8x8
Chroma bl ocks). The quantization paraneter, QP, determ nes the |evel of
quantization that is perforned. Mre digital conpression is realized by

i ncreasi ng @0 pr goiedifogmatem Justnes rajuidee 8atam By erdoded snecsied videp atade t he
coefficient it a o

Video streath oupEEL; BE ERERTRL A SRR B fe e caane

r epr esent at ¢omtpoaénts.t he coeffl Ci ents that can be encoded in the enhancenent

| ayer of an al abl e vi deo cal abl e enc r, co nent 125
perforns anl ﬁ%ﬁe RS §81F1831E6i“6§t15)fan c%@&?iﬁognﬁoypoflf‘fl gg)eﬂsgl
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detai | bel OWefﬁeﬁmmcglcxdaﬁmmamus a&@@atessmlﬁla%l 099221 PCT/ US2006/ 008761 9
used to stoig 6nf rmati o such as rrﬁ %/ deot data to b coded encgded
vi deo data t0040] W@H@ﬁ"i‘{(’tﬂédcm&?ron? t EFSETATS Q8BS ng E5Erac&r 8n by

the vari ousef¢adedta t€BEBRIVARL Srom @38l sdiReSiDr Exeanpenged 1451&oukd e,
guanti zati on conponent 120 al so perform inverse_ transformation

de- quant i zaquo%amp@sﬁé@ﬂallemifnm%é@eh}twgr Selipp didse; gpidora pgiio ?d?(ﬁnfjred in

the encoder 16%(9\&1‘%% Itlg‘: Vo Plan 13@9&5&&&?&@% w’?felés@@orﬁxﬁ@ﬁﬁ:étfb‘n@ nC§mhﬂmIcB@or§sa me
way as a deco evice, such that the residual error cal cul ati ons and

enhancenent cdna{ympnt 1@6edlfd edndgins loglcciol teanbroid Ta) encedechdata oaereNa gl 4 59.bl e.
0040] Co n C a€ 9.,
[a re!:el vemrq:‘I é i d? enclgr?dggdra%lré%rrﬁﬁé;d; %!rln ah@%&r%a?%%ﬁﬁxﬁg@na sou?ce

145 coul d begta of aty (&mﬂdmltzen teocbfr NBktwoslMbF cant beeparindfer watd systdn vechvasdeo
and/ or audi o, f eed, ﬁ%%v g the data can incl ?Egg_lvm r ed nd/?
wirel ess colffRAPEAtE Fis an PEGt Po s WIESHH SHLHE- ‘af8l Tort& iy 1 ogic

to transm t cdudXini@MeR08HeHR! ReBk 15Ot AN dondpefle, fﬁn@@d%@: , qattaoMmycgienpr i se
transforned data, c1uant i zed data, variable l'ength cod
division mu tiple access (CDMA or CDMA2000) commumcatlon system or alternately,

the system can be a frequency division multiple access (FDMA) system, a time division
multiple access (TDMA) system such as GSM/GPRS (General Packet Radio
Service)/EDGE (enhanced data GSM environment) or TETRA (Terrestrial Trunked
Radio) mobile telephone technology for the service industry, a wideband code division
multiple access (WCDMA), a high data rate (1xXEV-DO or 1xEV-DO Gold Multicast)
system, or in general any wireless communication system employing a combination of
techniques. One or more elements of encoder device 105 may be rearranged and/or
combined. For example, processor component 135 may be external to encoder device
105.

[0041] Decoder device 110 contains similar components as encoder device
105including inverse transform component 155, de-quantization component 160, single
layer decoder component 165, memory component 170, communications component
175 and processor component 180. Decoder device 110 receives encoded data that has
been transmitted over network 150 or from external storage 185. Encoded data may

comprise transformed data, quantized data, variable length coded data or any



data or any conbination thereof. Network 150 can be part of a wired system
such as tel ephone, cable, and fiber optic, or a wireless system In the
case of wireless, conmunication systens, network 150 can conprise, for
exanpl e, pariooadoozicode division nultiple access (COMCTDUSKHNAREBD0)
comuni cation systemor alternately, Be system can be a frequency
division nultiple access (FDVA) system atinme division nultiple access
(TDMA) system such as GSM GPRS (General Packet Radio Service)/EDGE
(enhanced dainbiaSh ethetieonme@epmonicatiBnE [RAPOTa r B&t cpethindrlogikedsed Répdi o)

nobi | e tel ephone technol for. the.servic r

di vi si on tEYpe éﬁé gg%m)congnﬁt}o&wﬁgtrg%@ lysP 1REV! %O? gfx%g DO
Gol d Ml ti cRsdiVing SHEIIBMata Frdn cQEMar abragh¥85M ErlefRb stoRFEUB5 cabldde, fyst em
enpl oying a conbrnation of techniques. One or nore el enents of encoder

devi ce 105 ¢xaypleckiampkRANEer BRAN <9F a TR SHNE: FBPC LBYShAFRICIFOTPRRT
cornponent 13 éEHéélrQ%%%ﬁﬁ%B?&J debQiRPCRE Blye M énBancdBent 1020 4dth. BaeasRr

device 110 contains s conponents as encoder device 105i ncl udi ng
i nverse traded cHnrhec:t@anehytlts@EEf fateexquiplat ﬁhzanhannem@ﬁmémnqwewgd 9§l e

component BV A4P0URE B e R e a0 Behar PAERHRL TFheT e o

encoded datm érh@cod@&on@@@éhttlﬁar‘ﬁm Ednedinsologfc fwtwﬁmmlﬂgﬂmbasé rleyer exd er nal
storage 185. Encoded data nmay _conprise transfor d data, ant i éed dat a,

vari abl e | efigerceasacdyeradatn J@roréwo\sﬂfyozie US88s/ 858761 10
conbi nat i On%g?)@(?r&.@i i ??d t oY 'd@cﬁ\?&nﬁ%@ﬁn@i‘ﬂpo%gtﬁ @mtfwa@eaqgﬂ ¢nvesed for
at a

recei ving ( enco in conjunction with network 150, as well as
logic for twaskmi mnmncmidbiﬁ ehsulting rinra dsqodechalctue dhajgean] s displayed
storage 185..c uId be exanple, external RAMor ROM or a renote
server. Si n‘é}? Com Ohg%ggge conponent 165 contains |ogic used for
decodi ng baﬁ)e42]ay1ﬁteramkdeiataajan baﬂatodd:chgfmr tmtaefarenaaﬁanb(ay&om whithhitoan be
decoded by it eIf r t he enhancenent not recelved
or recei velf® ﬁegt ’éo(}ercﬁ%td %E{Eqsgualo?rr?r co@% éeé’Fg\/%reﬂg? é?e)‘} %’o%@gl& Igyer
processi Ng RRWEIr cHhp@lst 16y kqeeafdion EanFRBENt60,6and! B0esontatisnm! 0gi ¢
for conbining the base | ayer an% enhancenent | ayer data in order to

decode the ewrpsneRidlParesuiting dnsy dgrased gpuddual jepr a- TheoFrsifuah ed0i & BtBeessed
by dequanti Zglhay GRIPRNEN! ndh@fme! Abd-oMEL DY bV it SRferddcNSAALE, Cafponent

155 resulting 1n a plcuethat can di spl ayed
decoded frames can be displayed with display component 190, stored in external storage

185 or stored in internal memory of processor component 180. Display component 190
can be an integrated part of the decoding device that contains such parts as video
display hardware and logic, including a display screen, or it can be an external
peripheral device. Communications component 175 also contains logic used to
communicate the decoded frames to external storage component 185 or display
component 190. The two layer encoding and single layer decoding performed by SNR
scalable encoder component 125 and single layer decoder component 165, respectively,
are discussed in more detail below. One or more elements of decoder device 110 may
be rearranged and/or combined. For example, processor component 180 may be
external to decoder device 110.

[0043] In video decoding, a hardware video core, for example, may be used to
accelerate the computationally intensive decoding process, especially dequantization
and inverse transformation. A hardware video core may contain specialized circuitry
and/or processor(s) capable of simultaneous execution (pipelining) of several functions.

Pipelining enables a reduction in decoding time. Any interruption in the standard



di spl ay conponent 190. [0042] Inter-coded data can be decoded after the
reference frame(s), fromwhich it was predicted, is decoded. The residual
error coefficients are processed by single | ayer decoder conponent 165,
dequanti zati on conponent 160, and inverse transform conponent 155

resul ti ngWo20e6/982dded resi dual error. The residual erPGFUSHIF(GEIG1
conbined with a best matching nmacrobl ogk(s) fromthe reference frame(s).
The decoded frames can be di splayed with display conponent 190, stored in

external storage 185 or stored in internal nenory of processor conponent
180. Displ a@lP@@ﬁ%_ﬂﬁEn@Wh% an gl @éefé?ltrﬁ#%@r at éﬁmp%ql“a‘ﬁﬁatﬂ%oﬂﬂ’é%@aioﬁg
device t hal 0Bkl DfdiiE BoRa bt dmithel 8ol dhodabdlts BRI GBI RANK hodiot,
including a display screen, or it can be an external peripheral device.
Conmuni cat i gilsinctberpo theh bnd FSmelesmbodimeaisrad theoyileo easedhay be implamarieéay e t he

decoded franes to external stora C n | nt
190, The. ¢ vEEPUEr SENESCI i SR kg aroch 3 aff sEholR By e IIETL
scal abl e engpd&itiosanpRNERlerl@bodndhs tegtinglod¥ érandedo famec arid fentes 165,
respectivel are discussed in npre det

- d I il bel ow. One. or re el enents of
decoder deviollew 1a singay Palle rLBSIPERGERSaNEFGET EERERIEE. mF—‘GT"gg%ij:H’gF%,or
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i ardwar e’ vi

vi deo decoding, a eo core, for exangle, may be used to
accel er at e tphialcpedichicnt ¢asfizdiengs onbes snajehingke swerohtych coeldisisnts gagpseivaly. y
dequanti zation and inverse.transfor I I : y
cont ai n spebraraRne ¢y ShRfiiy MRS TIBRL LA RN AM AR E IR o ous
execution (psp&lyenindgr effiarsenentddyef(sneanspmsnt to Biepleboder hgrden@blids care.

reduction in decoding tine. Any .interruption in the standard WO

2006/ 0992210PCHAY pLaremp RIS 4 1 %c _ SR iop Wa?iyc fathds “Saes
inverse trapgf QEMcoRBing*hé VebRIBY ARNetZ AThRNWORREAbH2Dachl canE¥ER B lshiRe

addi tions could sl ow down the whol'e process. It will be apparent to those

of skill ikerdwase agircuithiat fopneffisiensyor e TearsregEnGENtcs the dasedsyi ero 248 &S nay be
i npl ted : sof t I , i I o€
oy Conbi natmEs B9 poinpRRl HEBRe 1iybt BHEAR orfld AN mdlERGRAS OF

any conbi nali"on conventi ona ayer decoder, the
decodi ng of the bhgedages datk, Hefarmils cmbiBdfdariedecatdd inftiad hasdware gided lcane ipat h.

The coefficients, whether representing.ntra-coded video or .resi I
errors, ar eSIHé]a AT PRYYING m?g‘? S@IC{GP%S St %aanp;?ma PIRRIOCES MO TISR 5 i ﬂﬁﬁei t her
spatial pregdigial Q8ndg pRIcEIs6l) it Perfirmigstonimtiag bpgativacr obl ock coefficients
respectivel %044] FIG. 2A is a flowchart of one example of encoding SNR scalable streaming
video. Process 200 depicts the flow of encoding a GOP made up of an initial I frame
followed by multiple P and/or B frames. Each frame can contain base layer data and/or
enhancement layer data. A person of ordinary skill could also choose to provide
additional layers of data.
[0045] An I frame is encoded 205 with entirely intra-coded macroblocks (Intra MBs).
In H.264, Intra MBs in I frames are encoded with fully exploited spatial prediction,
which provides a significant amount of coding gain. There are two submodes: Intra 4x4
and Intral6x16. If the to be encoded base layer and/or enhancement layer are to take
advantage of the coding gain provided by spatial prediction, then the base layer is
encoded and reconstructed before encoding and reconstructing the enhancement layer.
A two pass encoding and reconstructing of I frames is used. In the base layer, a base
layer quantization parameter QPp affords the transform coefficients a coarse
quantization step size. The pixel-wise difference between the original frame and the
reconstructed base layer frame may be encoded at the enhancement layer. The

enhancement layer uses a quantization parameter QP which affords a finer quantization



The encodi ng and decodi ng processes descri bed bel ow nake scal abl e decodi ng
of the base |ayer and/or enhancenent |ayer(s) transparent to the decoder

har dwar e vi deo core. One way of acconplishing this is to decode each

| ayer sepswoedoed/yo22each in its own pass, and then conbp¢EUSKe/mewsoded

| ayers. This two-pass approach can reuss the sane hardware circuitry for

efficiency. Transparency to the decoder”“can al so be acconplished by

conbi ning the base | ayer data and enhancenent |ayer nodifications to the

base | ayer gt size. bBficodimgtrheans.onbi AedNBarcalabls edeaslor &2 pHFIhd drarmgiare vi deo

core in a i ngl e. pass,,providing nore efficiency. For exanple, a
prepr ocessor® %c?ﬁmgémaZOBSP (digital signal processor) can performthe
conbi ni ng ojpeset i Arster] DV 4le dnkéiler 2Acddss bask [1loyer dain tand fenimeersoma iglee dath

encodi ng SNR scal abl e streanin videq, Process ,200 pi t he fl of
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enhancenent | ayer A person of ordinary skill could also_choose to
provi de adBiftamss td ericages rEncofling aneans, petas SN sqalablesngodes 12hebHEH 1288 wi t h
entirely infra-coded crohl n : fin |
frames are & °88é1§%6m ngf%)]llgl';)ﬁ lé;?(opré g:&%e%gf rg\é%atEegﬁainbﬁﬂeé‘%i%g%gﬁso}r??éa{tﬁf?@ all
provi des a e @hinfes datic GOPund finifheclomtinggergadad. Hlaed 8 faamest ave compriwsdex :

Intra 4x4 and Intral6x] 6. 1§ th encpded base. | ayer.,and/ior
enhancenment Mfe4ge eda’f“écrf’la)lofkaské“teraﬁgiéﬁtaitg]Bu S?F?eca@g%i Rﬁrag@ians B Eidel by
spatial pregigptd LRWillbbaRcissa hase | ayer is encoded and reconstructed
bef ore encodi ng and reconstructi ng t he enhancenent |l ayer. = A two pass

?

encodi ng an@0#8c dnserdeicfarng dssoder fip sedbly do iskguish, berreeepduec 1axperinda base
| ayer quantigafds nP By @B thQPéaprﬁcI& Qhlied BEerhEANHEANRiGRSHST 81 ENtH2
coarse quantization step size. e pI xel-wi se difference between the
origi nal frope ahdvarhed infecmatsdr include, foaseahplyedats ridentilyiey theenwpleoddd at

th h t | I Th h t | . ti '
par anct o1 CPEnfeh GprTRe & ThP Buant | SR aleRbosodsy
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encoder 125 of FIG 1 can _perform the encodi ngﬁaﬁt 205. {00461, At step
210, the entsons laypicisfsenhancement Byerdlor 3 THForPasa NBEHEMN ® PRlRYEdE 40 for P

and/or B frgifBgcehfint 'i'éeyep%r NGB JBANSy it ClicASyRNR Sepd-ald @ grgoder
125 of FIG 1 can performthe encoding act 210. It"is determned 215 if
t here are nethendment layer in a string of enhancement layers. The overhead information can be
contained in headers connected with the base and/or enhancement layer data that it
pertains to, or contained in separate data messages. Encoding means, such as SNR
scalable encoder 125 of FIG. 1 can perform act 217. One or more elements of process
200 may be omitted, rearranged and/or combined.
[0048) FIG. 2B is a flowchart of one example of decoding, in a single layer, the SNR
scalable streaming video encoded by process 200. Process 220 depicts the flow of
decoding of the GOP made up of an initial I frame followed by multiple P and or B
frames.
[0049] The decoder extracts 222 the overhead information, e.g. with an identifier, in
order to identify the various layers contained in the bitstream(s) that it receives, as well
as the inter-relationships between layers. This overhead information enables the
decoder to identify the base layer information and choose to decode it alone. In step
225, the decision is made to decode only the base layer, or to decode the combined base

and enhancement layer. Decoding means such as single layer decoder component 165

can perform step 225. If only the base layer is to be decoded, the decoder performs



B frames to encode. Encodi ng neans, such as SNR scal abl e encoder 125 of
FIG 1 can performdetermning 215. |If nore P or B franes remain, step
210 is repeated until all the franes in the GOP are finished being
encoded. Waawdo/®9tmanes are conprised of inter-coded PEOEBWPGWR®1(i nt er
MBs), although there can be Infra MB' s gn P and B franes as will be

di scussed below. [0047] In order for a decoder to be able to distinguish
bet ween base | ayer and enhancenent | ayer data, the encoder encodes
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layers Cont@ﬂOngq)akenl g&e[ ﬁ‘hﬂ‘l@ﬁsr 82060 1ntahﬁltst pass 1286 6in\e@sp, 2355 alvhianc@fent he
inter-rel ati onshi ps between layers. This overhead in ormatl on enabl es the
decoder to lpervoitpyisinge diéfersntialyefinamenbrortieibese e isiflserdsd rgd gembimed i ¢
alone. In st the i yer,
or to decod Eﬁﬁ}gzbagéng”y %%’Zﬁ%e qﬁgncét%élg\fe% g@é?%réec 3?%55%%“%5 such
as single |ayan ffhﬁteodmcomﬁgmmsuch&s singlanayee décden Ktenf FAR5I cdnfpedniny t he
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conponent 165 of can orm act 260. In
I frame I, can be used ast e reference for subsequent predicted frames. This memory

overwriting, or memory shuffling, is performed in step 240. Memory shuffling means,
such as memory component 170 of FIG. 1 can perform act 240. The decoder device
may be able to overwrite Iy, if the encoder does not use I, for any subsequent motion
compensated prediction,

[0051] A single pass decoding is used for P and B frames. As discussed below, the P
and B frame base and enhancement layer coefficients are encoded in a way to allow for
single pass decoding. The decoder, after receiving the base layer and enhancement
layer coefficients, combines them, step 245, and decodes them in a single layer, step
250, just as it would a normally encoded P or B frame. Receiving means, e.g., a'
receiver, such as communications component 175 of FIG. 1 can perform the receiving
step (receiving step not shown in FIG. 2B). Details of combining step 245 and
decoding step 250 are discussed below. Combining means, e.g., a combiner, and
decoding means such as single layer decoder component 165 of FIG. 1 can perform
steps 245 and 250. Decision step 255 checks the bitstream to identify if the GOP being

decoded is complete. If the GOP is complete, the process ends and then starts over



this exanple, if the enhancenent |ayer is also to be decoded, the Intra
MB's are decoded in a two pass schene, or a one pass schene, while the
| ayers of inter MB's are decoded in a single pass, as will be described
in nore dsiarobe/wetnw. The decoder can use the over heaBCOHSW04/@8Tsi fyi ng
t he nunber of |ayers, or the overhead cl ta identifying a layer as the
final layer along with the data identi fgi ng inter-relationshi ps between
| ayers, to know when it has received all the |layers available in the
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si ngl e pass decodl ng. e decoder, after receiving the base |ayer and
enhancenent enhhmyearenclagdrfforicestns suchomshionesanfiemowst eqyia5s Befnel digewssidgs t hem
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conponent 1@Re 8f mbile@lendentT pRRESSI0MADe @GR tdagangdend/or enehingdlg st ep
not shown in FIG 2B). Details of conbining step 245 and deco ing%éstep

250 are di sH083led? Hawme. (Tombi Mitrigcodedisctions)ycan gxplgitirmerml & ¥odi ng
means such aﬁ%wg@gg ! %ﬂoﬁ‘ylﬁ r, 4GCaf e;g%tﬁrgnﬁf?inQ rbtestlﬁlgtcﬁi‘ng Fhi&icdo akiReff ar m

steps 245 Clsion step 5 checks the bitstreamto identify if

t he GOP bei refererbe piocterd. iThe domafibre blthe besttoatchB@Ppiedictiomysigionean theigenseess

ends and t hrergmg tcgr{ & er?c\{)%gd yr\ioa %&00(%/190%%%2%0‘[%@ /ﬂ%Zaﬁg{egge%eQ\%een the current
region and the best matching reference prediction region is known as residual error (or
prediction error). FIG. 3 is an illustration of an example of a P Frame construction
process in, for example, MPEG-4. Process 300 is a more detailed illustration of an
example process that could take place in step 210 of FIG. 2A. Process 300 includes
current picture 325 made up of 5 x 5 macroblocks, where the number of macroblocks in
this example is arbitrary. A macroblock is made up of 16 x 16 pixels. Pixels can be
defined by an 8-bit luminance value (Y) and two 8-bit chrominance values (Cr and Cb).
In MPEG, Y, Cr and Cb components can be stored in a 4:2:0 format, where the Cr and
Cb components are down-sampled by 2 in the X and the Y directions. Hence, each
macroblock would consist of 256 Y components, 64 Cr components and 64 Cb
components. Macroblock 335 of current picture 325 is predicted from reference picture
330. Both the current picture 325 and reference picture 330 are located at in the
sequence of pictures. A search is made in reference picture 330 to locate best matching

macroblock 340 that is closest, in terms of Y, Cr and Cb values to current macroblock



14 again at the next GOP. If there are nore P and/or B franes renmaining in
the GOP, steps 245 and 250 are repeated until the GOP is conpletely
decoded. Decodi ng neans such as single | ayer decoder conponent 165 of
FIG 1 caw@moé/goralact 255. [0052] In order to have si RglESIogy@B7édecodi ng,
the coefficients of two layers are conRined before inverse quantization.
Therefore the coefficients of the two l'ayers may be generated
interactively; otherwise this could introduce a significant anmount of
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(Y) and two 8-bit chragom nance values (Cr. and Cb). .. In EG, Y nd Cb
conponent s E’SHOIb?éecéctré(rig]Gar? P useq 1o regogs ﬂé’f"fre%%céoql?%%l ehff’ger £l
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330 are | oca
the same reference picture. The reconstruction process, whether done in an encoder, for

further inter-coding, or in a decoder, is presented here. Reconstruction of a P Frame can
be started after the reference frame (or a portion of a picture or frame that is being
referenced) is reconstructed. The encoded quantized coefficients are dequantized 370
and then 2D Inverse DCT, or IDCT, 375 is performed resulting in decoded or
reconstructed residual error 380. Encoded motion vector 345 is decoded and used to
locate the already reconstructed best matching macroblock 385. in the already
reconstructed reference picture 330. Reconstructed residual error 380 is then added to
reconstructed best matching macroblock 385 to form reconstructed macroblock 390.
Reconstructed macroblock 390 can be stored in memory, displayed independently or in
a picture with other reconstructed macroblocks, or processed further for image
enhancement.

[0055] B Frames (or any section coded with bi-directional prediction) can exploit

temporal redundancy between a region in a current picture and a best matching



sequence of pictures. A search is nade in reference picture 330 to |ocate
best matching macroblock 340 that is closest, in terns of Y, O and Cb
val ues to current macrobl ock WD 2006/ 099221 PCT/ LS2006/ 008761 15 335
bei ng encoded. The | ocation of best matching macrobl ock 340 in reference
picture 33D200g0¥doded i n notion vector 345. Ref er encBCHUBHN/WSBEB0 can be
an | Frane or P Frane that the decoderjgmay have reconstructed prior to
the construction of current picture 325. Best nmatching nacrobl ock 340 is
subtracted from current macrobl ock 335 a difference fqr .each. of .the Y,
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encoder Canb&ﬁué}&f and bﬁlaﬁéamldllbryefsc@fffuaenﬂsecwmbaésmndtdnhmc&nﬁmtdmrs are
reconstruction. . The enul atgé in both,t
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reconstruct bx%diag QRESHIB reh1ghdl efrodREicidntsacieoeaad be totie infsteptnenst FIG.
i nter-codin or 'in a decoder, is presented here. Reconstruction of a

Franme can . Horeven sigpitas megliods cafle bepeed toeasRse (pfra MEhepafficentnps welhi ct ure
or frame thahoddhaNBbad suliPlCERRGEMbIE EndBEARIHOHE] G5 of 18G CNERIRM o

quanti zed c s are e uanti ze and then 2D I nverse DCT or
| DCT, 375 i propmsﬂﬁﬁmmﬂsﬂep%ﬂ)tof BEG.i 2A. d@uenileh(t@be enepdostidescdasai40eeidboal

oo o ERC AR S 88 A R R A Al G e
reconst r uct gekt r @htehiaf CRadoblotk SlodsM02Resd Em%eﬂnérﬁslagleralbeﬁr frratchﬁ@o is
then added to reconstructed best matching macrobl ock 3§5tht ?emd%afnrror
r econst r uct 8uciebloek iopAb43dipth loops 402 and 404 attempt to minimize the e
that is calculated at adders 422 and 438 respectively. Loops 402 and 404 can be
performed in parallel, as shown, or sequentially. Loops 402 and 404 include logic for
searching buffers 420 and 436, respectively, which contain reference frames, to identify
the best matching macroblock that minimizes the residual error between the best
matching macroblock and original data 406 (buffers 420 and 436 can be the same
buffer). The residual errors of loop 402 and loop 404 may be different since base layer
loop 402 may generally utilize a coarser quantization step size (a higher QP value) than
the enhancement layer loop 404. Transform blocks 408 and 424 transform the residual
errors of each loop. In one example, the encoder associates the best matching
macroblock (or any size block of pixels) header information and the corresponding
motion vector information with the base layer, said block header information and
motion vector information being derived from the received original data.
[0057] The transformed coefficients are then parsed into base layer and enhancement

layer coefficients in selector 410. The parsing of selector 410 can take on several

forms, as discussed below. One common feature of the parsing techniques is that the



Reconstruct ed macr obl ock 390 can be stored in nenory, displayed

i ndependently or in a picture with other reconstructed macrobl ocks, or
processed further for imge enhancenent. [0055] B Franmes (or any section
coded wi t wdbrooglosoeat i onal prediction) can exploit tenporabonedarsdancy
between a region in a current picture aln,d a best matching WO 20061099221
PCT/ US2006/ 008761 16 prediction region in a previous picture and a best
mat ching prediction region in a subsequent picture. The subsequent best
mat chi ng pr edbiandeinent faygi primacdeffibientpr@yj .ossalchletstl swelt ¢t riigis gy dffereniidn
region are conbined to forma conbined bi-directional predicted region.
The di f f er erefisethertt wethe besedayau primatcogificient €'.r.e frdenlaing thhenhgecementlay@hi ng

conbi ned bi-directional prediction region is a residuyal error -
predi ction toé?eradPﬁil?em%tqptBEBﬁ%W? ?9150“?3%‘?66%%{ o .dacets 'E‘@ lbﬁsreé@feéfﬁgeg{\m?’ggi on

in the sub Sﬁﬂﬂgéﬁt arld@fa6¢ 8RG8 onBleGhptefniteh bi'the b8k, TRECHI MEndIhe Baseldn@n
region in the previous reference picture can be "encoded in two notion

vectors. [0@B@hosRle@ layer socfficipnts gnd havd arclbtedaispissentgiion off thaimage dder
process for enco%.ﬁﬁghﬁ%%t seiqeac%eed WRY %Elcﬁ’ﬂféde@ggagﬁ&ﬁ 20! 4 Fhert %ﬁ&ti'zgd BYLS.
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bitstream RrQaess 4@3%@%. Cifk %ﬁnﬁmfpﬁnﬁ‘q ERtriciGRe 6di ngnd @ er (MBukgai dual

error coeffrcients such as woul 8 be done in step 210%f FIG" 2A. However,

simlar et iadsquenidets ME2 tsEd24 @esFétﬁiQél@) it ba sidied aeffehoie Rdeansasucheds| .
Encodi ng neans such as SNR scal abl e encoder conponent 125 of FIG 1 can

perform pr BEEL cpmepoaert 130 aptisn &, grirappraitted aver@nelygik o 3 £5OHY- encoded)

video data g8 VindgRier 43 thafcMe! RRSnskBRNARE (B QRBOBIBEIONABS | RBodefl thi s
exanple) is input to a base | ayer best matching nacroblock | oop 402 and

an enhancendequantizpedlpdspantizes tie gse layes resisluebirarsopificnts. 3de Hequaniiged402
and 404 attenpt

; Nt : . | ;
adders 422 SR A RsTlRuL B LFEs0 R Bhat, 416 000 dmpEMELTERA!,
paral | el , amaghidgimacpsbleskcfoent inddulffyr 420) ogasltié@2n amebod@dictadahacdebloagha f or

searching buffers 420 and 436, respectivel which .contain refere

frames, to F’&@ﬁ?ﬁ Fhat @%g%éescfmsﬁ’élf@ i‘ﬂéherrg‘??%@%l o(é%nflﬁ%fté‘?%i HF%aEté@r ng

resi dual er [Qkrsbetangeimdrhesbealer /It &ld BeffereLIcobd R GiRdlPchighla@dnsdat a 406
(buffers 420 and 436 can be the sane buffer). The residual errors of |oop

402 and | ooprhaoeemipay ldge 481 fap steendonsiip dasedlaye lpep )2, Ingsiditienpaddsy4feiser al | y
utilize a cQRLSELAHARHARGLRMzSS EfhatichRind Rydd M Bhse Byt AbsikichBARed in
the reconstruction of the enhancement layer. The enhancement layer quantizer and
dequantizer may generally utilize a finer quantizer step size (a lower QP) than the base
layer, One or more elements of process 400 may be omitted, rearranged and/or
combined.
[0059] FIGS. 5, 6 and 7 show examples of base layer and enhancement layer
coefficient selector processes that can be employed in selector 410 of FIG. 4. Selecting
means such as SNR scalable encoder component 125 of FIG. 1 can perform the
processes depicted in FIGS. 5, 6 and 7. Using FIG. 5 as an example, the transformed

coefficients are parsed into base and enhancement layer prime coefficients as follows:

0, ifC,,,andC

' base enh

Cle = {Sign(Cbm)min( |Cbasz i
[1]
C'enh = Cenh _Qb " (Qb(C,base )) [2]

are opposite signs
thl Js otherwise




t he enhancenent |ayer |oop 404. Transform bl ocks 408 and 424 transformthe
residual errors of each loop. In one exanple, the encoder associates the
best matching macroblock (or any size block of pixels) header information
and the covomsgeonzhiing notion vector information wth PERURASEORZEYer, said
bl ock header information and notion vegtor information being derived from
the received original data. [0057] The ‘transforned coefficients are then
parsed into base |ayer and enhancenent |ayer coefficients in selector
410. The pawbiradhofméd] Smeiden 400 swihemalienl gpingewe red] the ftypnisgureentyli®eussed
bel ow. One common fgg}ugg) of the parsing techniques is that the WO
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cC,,,,, is calcul arédt/moeethat it Is a differenti al refinement to the

base | ayer prinme coefficient C blS, . | cul atin he enhancenent .| ayer
to be a ref fapisigdhas addert HE ip&e i-awowclaadég%s&é‘g%&@? SgE e hase

| ayer coeffjgi oy, f -hay, 7 i t he
y A gﬂ% b %tah%?ﬁdé de@ﬁﬂg?& A4 EA5R03DE FRRhES ST &nlvals Ob

image, or to ¢onbime t se"and enhancenent |ayer coefficients and have
a refined represerttlpjarcodficiensinioadiéeremha refpnement efghe baseilasier gosflediantt ed

and cal cul at ed sel ect or 0 are then quantized by quantizers 412 and
426, The qu%"ﬁcﬁlag%ddwﬁli]ﬁ%nué%éﬁfi cients C base and (calculated wth

quanti zers m@b8ojankiG436s nesiheabiioedfnoteneenpdd of #dasenlapermdenh@maasersuch as

menory conponent 130 in FIG 1, or transmtted oyer a network to
decoder. [ 0@sg]copilickngealectqs 448t é‘ﬁ“ll%@‘ar‘@igotﬁfgg?rﬁﬁlxal {m) gAntaipRd lﬁ'e]i’i(%%oéck in

a decoder, JROUANGL B 14k pARAVARbERSHNEe RABGIA@Yer residual error
coefficients. The dequantized residual error coefficients are inverse

transforned 416 and added.418 t.¢. tihe/ begt hijng macr obl ock found in
buffer 420, resultigig, i EW¢ec%£%wE%@£e3“§%g?ﬂ§w ck that matcheBlwhat may
be reconstructed in the ec@yder. Qothetwizeer 426, dequantizer 428, inverse
transforner 432, adder 434 and buffer 436 performsimlar calculations in
enhancenent [(I06D)p Afdkr 630 venmutekaheerihandsasat lhyy erinlecopffi¢Rat aslfolladdi t i on,
adder 430 is wused to conbine the dequanti zed enhancenent | ayer and base

| ayer coefficients QigedC.nQit'Hey(Eagohst ructi on of the enhancement4ll ayer.

The enhancenent | ayer quantizer and dequantizer may generally utilize a
finer quant Whee Gieps siverby formylad3]- QP) than the base |ayer. One or nore

CLoT, LIS G 470 T by R DES I e SRR oy
layer selector 410. In this example, the base layer prime coefficient is unchanged from
the original base layer coefficient and the enhancement layer prime coefficient is equal
to the difference between the quantized/dequantized base layer coefficient and the
original enhancement layer coefficient. Depending on the process, selector 410 may be
used with original base layer and original enhancement layer coefficients that are inter-
coded or intra-coded coefficients.

[0063] Regardless of which example process shown in FIGS. 5, 6 or 7 selector 410
utilizes, the decoder performs the same operations in decoding, as will be discussed
below. Loops 402 and 404 can operate synchronously with both layers referencing the
same matching macroblock, or asynchronously with each pointing to a different
reference macroblock (base layer reference information and enhancement layer
reference information may both be encoded in overhead information as discussed
below). If loops 402 and 404 point to different reference macroblocks, the decoder may
use the encoded base layer reference information for decoding the base layer only, or it
may use the encoded enhancement layer reference information for decoding the

combined base plus enhancement layer.



coefficient selector processes that can be enployed in selector 410 of

FIG 4. Selecting neans such as SNR scal abl e encoder conponent 125 of

FIG 1 can performthe processes depicted in FIGS. 5, 6 and 7. Using FIG
5 as an exanple, the transformed coefficients are parsed into base and
enhanceneo Ma¢ye22ri me coefficients as follows: 0, iPCUHSMES/YRYICe"h are
opposite signs brta'e - Isign(CLnse )mqg(lCbarel, IC Ji |), otherwise [1]
C enh =Cenh-Q (Qo(C base)) [2] WO 2006 099221 PCT/ US2006/ 008761 18 where
the "mn" functionis a nathenatlcal m ni nrum of the two argunents, and
|,if x> 0 si08eflx)r additiopti;eipbase and efiepgsment Jayes @S@é@h %“foé&o%fgcﬁ}“éc‘lheSOS

and For mu e{%gcleb'n&ds%%hﬁétﬁq 1&’6?111 ov@ﬂrﬁié F@d@és Enct (?El%lﬁwngsl[c%]as \

st ands for ase | ayer uantl dequanti zer
414 of the mEecdlw@encoE@rMpanf{nZIZi:@ﬁﬂ@r ﬂswlmhepcrbnhmgcsméhﬂ of Flfar2A,

ficient i f the b
cal cul at o0 DK Epr e PooRS e E T e I MREE DA FBFLE: hor

exanpl e of gorh@fmesdch¥s foR aMEmptwhefeamedromoaersf(mcmnha@aﬂemsme410.
In this exanple the formula con&glned i n_bl ock 6? repr nts the
base | ayer @Pﬂt’fﬁ? @é@FmEdF%POWtoﬁ“%tﬁec B 1ot Wi 2ydgnitier, (3lsoddersdyingpaar e

)- Ceara < ﬁ’?"' e df hter-& Lgclu@hg%%m;ﬁ@ﬁ%hm&%a@l& Rt t he

enhancenent prinme coe I Cl en
-Qb-" (Qu(C autaiste v)h)cl{famzne(ebheweccﬁeda?omoms a@um@rﬁnbgd fhrwanp@]embp@m@z] FI G

7is an il t' on Of 1a dr gcfé?f@ﬂit ) 9.{) 1111 qpfeerba?en Q%@Cﬁgem

| ayer sel ec P t |s exa ase ayer prine ficient is
unchanged fﬁmmMmﬁhﬁﬂawﬁgbﬁahBMQ&emka&ﬁhnM&&mhm&bmmmdqwﬂ the enhancenent

| ayer prine ffi i s._equal o the differ betmeeF é?e :

quant i zed/ d@é nthL e IBaf"éle‘nP LAEPn Ob @ FRETRIA! & CP POy FH AfecedifmAcenent

layer coeff jjgh1eMyer HEREAIARE ba%k TR AR BES exBRIIE GheH ashkSuldBY pBormed
in step 260 of FIG. 2B. In process 800, the quantized coefficients C', ., represent either

intra-coded data or inter-coded residual error data. The coefficients are dequantized
803, inverse transformed 810 and added 815 to the spatial or temporal prediction data
stored in buffer 820. Dequantizing step 805 utilizes the base layer quantization
parameter QP,. The resulting decoded base layer video output 825 can be stored in
memory means, such as memory component 170 in FIG. 1, or displayed on display
means such as display component 190 in FIG. 1.

[0066] Process 800 could be repeated in a second pass with enhancement layer

coefficients C' , replacing base layer coefficients C' and with an enhancement

enlh base ?

layer quantization parameter QP, replacing base layer parameter QP in step 805, The
resulting output may be the decoded enhancement layer video output. The base layer
video output 825 can then be combined, in the pixel domain, with the enhancement
layer video output. This two-pass process can reuse the same decoder hardware
circuitry for efficiency. This decoding process can be used regardless of which
encoding process, of those shown in FIGS. 5, 6 or 7, was used.

[0067] FIG. 9 is an illustration of an example of a decoder process for decoding base

layer plus enhancement layer data, such as would be performed in steps 245 and 250 of
FIG. 2B. In process 900, the quantized coefficients 5',m and é'mh are dequantized, at

steps 905 and 910 respectively, and combined, in the transformed (e.g., frequency)

domain, at adding step 915. Dequantizing act 905 utilizes base layer quantization



used with original base |ayer and original enhancenent |ayer coefficients
that are inter- coded or infra-coded coefficients. [0063] Regardl ess of
whi ch exanpl e process shown in FIGS. 5, 6 _or 7 selector 410 wutilizes, the
decoder pevo mweresthie sane operations in decodi ng, as weCT/ubmoglisassed

bel ow. Loops 402 and 404 can operate s%chr onously with both | ayers
referencing the sanme matchi ng macrobl oCk, or asynchronously with each
pointing to a different reference nmacrobl ock (base |ayer reference

i nf or mat i onpamdeten (QRs cwhidntdetieaptizing rast HOnedizenfaosmati¢ro anlragemiit Hayss

encoded in over.head i nf or mgtj onnas. di ssef: . bel aw., | f nd 404
point to di ‘ﬂ"fagf%aﬁ nrpgfag}eéeﬁg(éﬁeh&:l%o%oﬁi}f@ﬁeg , C%t(?5 ﬁgm@%c%géi’rlenn%]y&?%ggns? e egncoded
base | ayer 9xEfaile@as], sk ORIEbItgsphal of enambial graditiohaam staydin wiffey 93®r i t

may use the_encoded enhancenent |ayer reference, information for codi ng
(o Combi rBie KReEip QBCEm i PR SOrBisoarSa6s provess, of RS

PCT/ US2006/ 98464 FId8. 4, 8084] whiuadditht aluligs tRenbass: dye:r Gababapment | ayer

d
residual error coefficients, the decoder needs information identifying
how MB' s ar endwestadedin tvewsiongisple¥ads such as  SNR scal abl e encoder

conponent 1@?%;,[1@00%3% %g(% M%elrsefr&ﬁrpfr(? egg 8 i§t0§? ”ﬁ‘g}rﬁy' Fi’e esg'%go Dﬁﬁfegdes

overhead in i"on can i nclfude a map a-co i nter-coded
portions, stwhdagandztioexaspds amdvBlirapteat ef ehermoe aleljoakigat{cnr act 805 in

sub- macr obl ocks) e Jddentified as . being,intra-coded.or,inter-.c d,
e.g., with %C?Saéﬁé-i ?fidswfan% H0B 1§ 188?1{“?‘? V?‘H&HMMFWOR’/&S B‘ﬁﬂfy ealffa%@%ai ng

i ncluding, ffk AIRGRE AediRhiitidn sBRClonRABRNOEMAN: -18ek aletoduily in amd Tagerwhi ch
frame(s) inter-coded portions are referenced. In an exanpl e enbodi nent,
the MB nap 8eradisaaeocess\BOp. Onerrarerledpiredicinsdne Byaberof deqrantzplian FISREP . and

the e“ham&g@? Hvol Y ﬁfqi%gglt;&ln@&&{&] RAEfncBRe f@f&@h tg rhIRnBARAREAIBMEsbayer -

[ 0065] FIG i's an i at1on of an exanple ot a decoder process for
decodi ng a Thé quinézdimyetepcizevdodeles teitengry bemsendnapé b in Qpafor BLAMI If @Rarnpl e,
such as wou be rformed .in step.260 of, F B .l1R _proce t he
quanti zed coeff i%ﬁg?ﬂ ﬁ‘eg%“b,h,y?l ?%egfc o FLPy ﬁ(()ca%rvel%lednfor g’-ececr)lggncf%%g?tglg%err

i nt er - codedsdaRsind @ambkied ofithdiad fllowing feaaild:i ci ents are dequantized 805,
inverse transforned 810 and_added 815 to the spatial or tenporal
prediction data st@yedQj N(BYyf fwerl) 821, )Dequanti zing step 805 utililzes the
base | ayer quantization paraneter QPb. The resulting decoded base | ayer
vi deo out put00895 El&h 18és 4y ifpaention of srothst gXamidhef 2 deceera¥oGeanisr Jecodifgonent

170 in FI G yle QledbRR! dhefketindifR} @ita.  Process 1000 utilizes base layer and

enhancement layer quantization where QPy, = QP¢ + 6. As shown in Formula [5], base
layer coefficients are converted to enhancement layer scale by shifting (a form of
scaling) the coefficients one bit to the left, at step 1005 and added to the enhancement
layer coefficient, at 1010. Thus, only one act of dequantization, at step 1015, and one

act of inverse transform, at step 1020, are needed. If the base layer coefficient is equal

to zero, no shift is necessary. So in order to make use of this property, when both C'

base

and C' , are nonzero, the difference between QPy, and QP. could be a multiple of 6.

enh
Other methods besides bit shifting, such as multiplication by a scale factor, e.g. with a
scaler, can also be utilized.

[0070] P frames and B frames can contain Intra MBs as well as inter MBs. It is
common for hybrid video encoders to use rate distortion (RD) optimization to decide to
encode certain macroblocks in P or B frames as Intra MBs. In order to have single layer
decoding where Intra MB’s do not depend on base layer and/or enhancement layer inter

MB’s, any neighboring inter MBs are not used for spatial prediction of base layer Intra



means such as display conponent 190 in FIG 1. [0066] Process 800 could be
repeated in a second pass wth enhancenent |ayer coefficients C,, ,h
repl aci ng base | ayer coefficients Cb.e, and with an enhancenent | ayer
guant i zat ivom2qoero®emt er QPe repl aci ng base | ayer paraneper/uSibs/om7at ep 805,
The resulting output may be the decod enhancenent | ayer vi deo output.
The base | ayer video output 825 can tHen be conbined, in the pixel

domain, with the enhancenent |ayer video output. This two-pass process
can reuse tNBssdnerdecodesp tharcdmputetionsi camapltxiyy frwhardeflifor thecphanThinent

Uhose Shownt®s pednedor e ghos TR G lyBoR 57 B SrBBREAT LR 2 i on

of an exanpgﬁaggen@nmgg{i@mdme@ﬁ@gaifor decodl ng base |ayer plus
enhancenent | ayer data, such as would be perforned in steps 245 ang§250 of

FIG 2B. |nl§7 catya dids iy B er &Jawszemn@dwy BPERIS t@‘b‘t“f%é‘%ﬁdlz@ are
dequant i Zedre(a?otn nﬁfaf reaggf‘%%}ﬁ f@ﬂn@e s/CRRREE! én\éeaea orﬁ?% Bﬁ’é%%fb‘?%ualﬁt@ a fae

t ransf or med omai n, at adding s .~ Dequant i zi ng
act 905 ut|h@&ﬁSCﬁaséTMaymmyquamtmqaﬂmmndM@n®®@@l0992@@0PﬂWhQBZﬁ@Gﬁ@OB?Gl

20 par anet er, uant I cenent
layer quant ert%otr?tb% SP@‘S& bjﬁg&gfﬁé 1§ genlglle’%liandgtlz%t%fffl ci en stﬁ%%ngé}

i nverse trae&fﬁmmﬂm taaaas@rwxdeedﬁteﬁemaﬁwee%dlsctwseﬂmbosqoaTwatreasamstmmaor al
prediction data stored in buffer_93

od|n rocess can used
regardl ess H¥S GTIORRLOR CBAPIHENF-0LRS mtﬁ@n%ﬁ lgﬂg%ﬁBWﬁﬂﬁ peters M) or 7,

was used. They heSHkt bitdis §Nh EEMBOteflRYREa M'B@.e ‘Wl@f%l?b@ts #3bchaggdpdagiont or ed
in menory or displayed. [0068] Process 900 differs from process 800 in one

maj or way. Pewcetist boe (e pisecpad frapgosoecRisdl® inzhe ifsH fa?énesargevsw%m i thg

i nstead of | 0 S

dequanti zat %%ﬁmfgr%%l? @r?%é%%?ér? ‘?‘ﬁc’rﬂ’% r@\/\gnrdeaz:%fg&%ﬁ Iﬁl @Q%chdﬁh fra ees ?Ire abl e
to have onkigibtenfer deqfiranting dricoversd m&rﬁmﬂorénﬂﬁuwm$ aﬂeawelsemm/odw thg as in

base | ayer decodin reducin nber of
dequantlzatPﬁﬁng@ﬁg B%eﬁﬂg“”FHVB$GB gﬁrz?% Hﬁnrfgg?g% ﬁﬂ%ters
rel ated by pRrinhBsmhiiERlencdiRE AC Rives filisy, theTé}@s ﬁizlgllﬂbt téﬂttlh@dlffsffeﬁ& srme
doubl es for every increnent of 6 in Qo for H 264. 6, then

the base | asate stsmaiien wmainsdnherellegng Biras, Ehsretlﬁ%y %ﬁhﬁééﬁ@wﬁ thaéf}'ér
scal e and C?dﬁ?)\u%?gdP Whinl of € chnb iR %yglocgaﬁlféf?ne id ATQ the &rftimdeRat ﬁ?erl) +

Cenn) [5]

has lower QP.

[0072] Another common technique that introduces Intra MBs in P or B frames is
known as Intra Refresh. In this case, some MBs are coded as Intra MBs, even though
standard R-D optimization would dictate that they could be Inter-coded MBs. These
intra-coded MBs, contained in the base layer, can be encoded with either QPy, or QP,, If
QP., is used for the base layer, then no refinement is needed at the enhancement layer.
If QPy, is used for the base layer, then refinement may be appropriate, otherwise at the
enhancement layer, the drop of quality may be noticeable. Since inter-coding is more
efficient than intra-coding in the sense of coding efficiency, these refinements at the
enhancement layer may be inter-coded. This way, the base layer coefficients may not
be used for the enhancement layer. Therefore the quality gets improved at the
enhancement layer without introducing new operations.

[0073] B frames are commonly used in enhancement layers because of the high
compression qualities they offer. However, B frames may have to reference Intra MBs
of a P frame. If the pixels of the B frame were to be encoded at enhancement layer

quality, it could require too many bits due to the lower quality of the P frame Intra MBs,



[0069] FIG 10 is an illustration of another exanple of a decoder process
for decoding base |ayer plus enhancenent |ayer data. Process 1000
utilizes base | ayer and enhancenent |ayer quantization where QPb = QPe +
6. As showroode/®e22tul a [ 5], base |ayer. coefficients aPET/E8NEIBEd t O
enhancenent |ayer scale by shifting (a § df)rm of scaling) the coefficients
one bit to the left, at step 1005 and added to the enhancenent | ayer
coefficient, at 1010. Thus, only one act of dequantization, at step 1015,

and one acs discussed plavet rAydakinampdvantage b theomlitiey ef fhecd¥8, ay iseyssechase’
layer coeffi, :h%”fhe'ﬁ AP Bs toud %E% cdg@%%{‘hﬁéw%%égﬂt&%ﬁ r%fere%%m'érlo%xder to

make use of this property, when are nonz
di fference gedlitebrraQ®B’ smid’i@ﬂﬁscoul d be a multiple of 6. Qher nethods

beS|des bi t t such as Ltiphic io a .scal e or, €. W th
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use rate di stortlon RD) optim zation to decide to encode certain

macr obl ocks bpiAg pngpde Iﬂﬁlﬁﬁééseatée Vhele dras cgn bP §oddcad the basp daper gpakigy @d ayer
decodi ng whgp ‘?:ef{ir{éhfeﬁt Q{Bthé eﬂﬁab nd&he RRAC 10D sRAS €hk )é%c@ﬂggﬁ ?rB ¢RRRNGRITENt

| ayer inter nei oring i'nter MBs are ot use spat 1 al
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Intra MBs in P or B frames require many nore bits than inter MBs. For this
reason, |nt f*WBEEDL P or B frames coul d be encoded only at base | ayer

qual ity at g078] OMEE edBding Bk SmpI8 YrocbisbsQbisied ABdvedRlliefd AERbHOS seRctigdeo
quality, but this deterioration should be unnoticeable if it is refined

in a later basgriayeiang ephancement layer coeffeien afreémesomanalr@twg%trmﬁomed
e“hanceﬁentsﬁﬁ@m@ﬁl’g‘%&lﬁ@éﬁ ufPRURed ﬁﬂs}téﬁ %}ﬁn Qc?éfﬂbémQEt erioration

unnoti ceabl e st 1s a feature o the system (HVS) and
t he other obt#765 Thaest of mtdetrarj\/ﬁsll irethe aﬂwontdrlmthandWat nfajation snd digtalschange

position froma first ane to sec pixels in the first
Prane are i A0 SF BIGESEheR HENE sbCerhIPPS QTS ieoBiae B AT FUiuer oF  and
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information). Human eyes are not sensitive to the uncovered and

t 0- be- cover B! VRaYuRP Fiererah thianghos the abavkedaserinsipgr &Y | b ebigsentem by

voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0077] Those of ordinary skill would further appreciate that the various illustrative
logical blocks, modules, and algorithm steps described in connection with the examples
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To cleatly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the disclosed methods.

[0078] The various illustrative logical blocks, modules, and circuits described in

connection with the examples disclosed herein may be implemented or performed with



even though it is encoded at a lower quality, the eyes may not tell the
difference. If the sanme information remains in the followng P frane,
there may be a high chance that the following P frane at the enhancenent
| ayer canw@tiosiei because the enhancenent |ayer hasPCDWEI00R87d10072]
Anot her common technique that introduceg Intra MBs in P or B frames is
known as Intra Refresh. In this case, sone MBs are coded as Intra MBs,
even though standard R-D optim zation would dictate that they could be
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In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an Application Specific Integrated Circuit
(ASIC). The ASIC may reside in a wireless modem. In the alternative, the processor
and the storage medium may reside as discrete components in the wireless modem.
[0080] The previous description of the disclosed examples is provided to enable any
person of ordinary skill in the art to make or use the disclosed methods and apparatus.
Various modifications to these examples will be readily apparent to those skilled in the
art, and the principles defined herein may be applied to other examples without
departing from the spirit or scope of the disclosed method and apparatus.

[0081] Thus, A method and apparatus to provide acceptable quality video at a base
layer and higher quality video at an enhancement layer, with minimum decoder

overhead have been described.



[ 0075] The encodi ng exanpl e processes descri bed above utilized nethods of
sel ecting base |ayer and enhancenent | ayer coefficient after the original
data was transfornmed. Sinmlar parsing techniques could be used prior to
transform ng the coefficients. [0076] Those of ordinary skill in the art
woul d understand that information and signals may be represented using
any of a variety of different technolpgi es and techni ques. For exanple,
data, instructions, commands, information, signals, bits, synbols, and
chips that nmay be referenced throughout the above description may be
represented by voltages, currents,CleABdBromagneti c waves, magnetic fields
or particles, optical fields or particles, or any conbination thereof.
[0077] Those of ordinary skill would further appreciate that the various
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varying ways for each particular application, but such inplementation
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PCT/U82006/008761 23 a general purpose processo a digital signal
processor ( DSPYMPRHZARHIGCeiNed Brsedwise pf ?@Od‘?qﬁ‘ﬂ%%ﬁ@ﬁ r%qervcedﬁﬂh%(msn@)t a
field prograprabb&qdate array (FPGA) or other programmble |ogic device,
discrete gate or transistor logic, discrete hardware conponents, or any
conbi nati on th@n@@hgdbswgmhmlenom@mﬂhnmnmhétmumw&nmnmlaﬁﬁ@ﬁﬁbedﬂlﬂerein A

I but th | t t
Phe. " pr obueBERT hEl PG IR elhorssaieo! oreio! SRGRBLaR ot r ol er .

m crocontrol | gécodRig thé 8618binBR 64N NSyer, %nﬁé&@ﬁéﬁcﬁyeﬁr@l}{d %es&npcﬁnéd%glgﬁ@m ed as
a conbination of conputing devices, e.g., a conbination of a P and a

m cr opr o€gEwefTiciens pg differeptiglfrefinement.

2. The method of claim 1, further comprising:
converting the base layer of encoded data from a first quantization step size to a
second quantization step size, wherein the received enhancement layer of encoded data is

encoded in the second quantization step size.

3. The method of claim 1, further comprising identifying intra-coded data in the
received base layer of encoded data and identifying a differential refinement to received

base layer intra-coded data in the received enhancement layer of encoded data.

4. The method of claim 3, wherein decoding the combined data occurs with respect
to inter-coded data, the method further comprising:
decoding the base layer intra-coded data in a first pass for decoding;

decoding enhancement layer intra-coded data in a second pass for decoding; and



m Croprocessors, one or nbre m croprocessors in conjunction with a DSP
core, or any other such configuration. [0079] The steps of a nethod or

al gorithm described in connection with the exanples disclosed herein may
be enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conbination of thep4w. A software nodule may reside in
RAM nenory, flash nmenory, ROM nenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a CO-ROM or any other form of

st orage nedi uspmkinowgthe dedoded hase.layeointexadpd égta and therdagededetdhameinsntcoupl ed
to the procmor aucg(? that the processor can read information from and
wite i nfOrhPERdbd2% he storage medium In the alternative, the storage
medi um may be integral to the processor. The processor and the storage
medium may reside in an Application Specific Integrated Crcuit (ASIQ).
The ASI Conay o imgthodwf glaywn rlefusther ¢onieiwingl n the alternative, the processor
and the stora I resl as. discrete conponents in the wreless
modem . { 00z0f CHAR PRI YR BB e P S TR B et

provi ded ahé# enabl e any person of ordinary skill in the art to make or use
t he di scl osed, nmet hods and apparatus. _ Various nodifications to these
exanpl es wi | | IYESe Eaaspymigg Higrdsqrantiged ¢idke skilled in the art, and the
princi pl es defined herein may be applied to other exanples w thout
departing fromthe spirit or scope of the disclosed nethod and appar at us.
[ 0081] Tlous, Abewietod céindimpplrheumntpoisipgovi de accept abl e quality vi deo at

a base |ayer.and.hi gher ality .video at. an hancenent ver, wth
m ni mum decod& eng%/\lfkg? H’g%{éf%ﬁg‘i/ga%égr{ﬂﬁég@ WSQdi%pazﬁal CRIRF q% Sat%bﬁ’élghod f or
decodi ng agsobidtetliwiBth@bi¥eligler,6am conprising: receiving a base |ayer of

encoded data and an enhancenent |ayer of encoded data; receiving a

resi dual errotdepbling pitamoded dathanifhe sombiped defa, spid ot cadadadaim deing
receivin dj ' ' ] o the base | ayer residual error
coeffi ci gﬁsﬁcgﬁaﬁxﬁg}%é%ﬂlgﬁéﬁﬁgﬂ?‘I}Fﬂ;%}%% of encoded data, wherein the base

| ayer resi duabesedingreithoefliiidéeifted iister-aidet elntacassooiitedi mithfthabaer lagirnal base

| ayer residyal.error coefficient, and an original enhancenent |ayer
resi dual %@rlaﬁ}nﬁégé‘?ﬁ?ﬁ“‘iﬂdé fiatBF‘SS?‘élF“'ﬁa “él&‘dh? B@eéﬂ%ﬁﬁ@ﬁ?ﬁé@ﬂm laxgsr

differential refinenent is determ ned based on the residual error

coefficient and the original enhancenent |ayer residual error
coef fici ént:; The method of claim 1, further comprising:

identifying intra-coded data in the combined data, said intra-coded data being
only associated with the base layer; and

decoding the identified intra-coded data.

8. The method of claim 1, further-comprising:

receiving the base layer of encoded data and the enhancement layer of encoded

data;

combining the received base layer of encoded data and the received enhancement
layer of encoded data;

identifying intra-coded data in the combined data;

identifying inter-coded data in the combined data; and

decoding either the identified intra-coded data or the identified inter-coded data.

9. An apparatus for decoding a multimedia bitstream, comprising:



conbi ning the received base | ayer of encoded data and the received
enhancenent | ayer of encoded data; conbining the residual error
coefficient and the differential refinement with the conbined base |ayer
and enhancenent |ayer of encoded data; and decodi ng the conbi ned base

| ayer, enhancenent |ayer and the conbymed residual error coefficient and
differential refinenment. 2. The nethod of claim1, further conprising:
converting the base | ayer of encoded data froma first quantization step
Size to a seaoans qtadidiviag abassl8pr 6f Zfodydedteiand taheenhateésdiagahancenent
| ayer of encoded data is encoded in the second quantization step size. 3.
The met h68°WEdE€rEi m 1, further conprising identifying intra-coded data in
the recelved ;RascrhayRiyifl 2 SRFRAAPCAAbLERR: IR0 bINNG & Hbddaraent | al

refinenment to recelve ase layer intra-co ata in" the recelve
enhancenmend récaivarg ofliftnavidecidanant td.théThase dateh ockidofl edrai enefjciastén ien
decodi ng the conbi.ned gata(ggcu s with ﬁFjgeCf to hnHer-code data, the
met hod  f GPRASFIEBANT Of AECONE ot RYCEHENE2LE [X5etes R AL E Saefeldt X in a
first passhérod nfgERGh 1@;an Akl NEAsE BN ERMMAL el @Y &eflidédiamacdedrigdaiia in a
second pass for decoding; and 25 conbining the decoded base | ayer

i nt r a- codetrngementaladen fesidiat cied eashiznivénemeerol apdr thenerhanewdad ldatra. 5.
The met NOgr@lnf 3fehenl W HALEEAIMAL 0 IRANRAT LALBodfiGFOMR fied base
e ata; an ST or

| ayer and enhancenen ayer of enco rnverse tran ﬁlng t he
dequant i aedindbdrancetmenillagerredithed ewér wkfictend, further conpri sing:
identifying inter-coded data in the conbined data, sajid inter-coded data
bei ng associ S8H WrtRMHENG Hherereiyre base dayst iof wnergled siaky andoe deesited in t he

conbi ned cH@tn@emsilflel Bf SlcodRdReh. dat a being associated with the
enhancenent | ayer; "and decoding either the identified inter-coded data

associ at ed wi nieanh®r bembinirytbe residuak dreoricdefificiehi ad thatdferevdet fidament
e S bR BRE 180 AR EIE N 1) RUPLRioads aall Gl MOC Ol aim L.

means for decoding the combined data, wherein the means for decoding further

comprises means for decoding the combined base layer, enhancement layer and the

combined residual error coefficient and differential refinement.

10.  The apparatus of claim 9, further comprising:
means for converting the base layer of encoded data from a first quantization step
size to a second quantization step size, wherein the received enhancement layer of

encoded data is encoded in the second quantization step size.

1. The apparatus of claim 10, wherein the means for scaling further comprises:

means for bit shifting the base layer of encoded data.

12. The apparatus of claim 9, wherein the means for receiving further comprises:
means for identifying intra-coded data in the received base layer of encoded data
and for identifying a differential refinement to the received base layer intra-coded data in

the received enhancement layer of encoded data.

13. The apparatus of claim 12, further comprising:



identifying intra-coded data in the conbined data, said intra-coded data
being only associated with the base | ayer; and decoding the identified
intra-coded data. 8. The nethod of claim1, further-conprising: receiving
t he base | ayer of encoded data and the enhancenent |ayer of encoded data;
conbi ning the received base | ayer of encoded data and the received
enhancenent | ayer of encoded data; igentifying intra-coded data in the
conbi ned data; identifying inter-coded data in the conbined data; and
decoding either the identified intra-coded data or the identified

i nter-coded dateans f@ deppding pwr idenigiet drasd byadintg-caderutiata e di fastopass foream
conprishgﬁ:(€6, nmeans for receiving a base |ayer of encoded data and an
enhancenmeft® %@er of encoded data; neans for receiving a residual error
coefficient imeahefdragRodiayedendific®RERMCEMEAtIdyer dnEa-t&RAI dHtdI1¢h @ second
differential refinenent to the base |ayer residual error coefficient in
the enh@avdhedrcodingetndof encoded data, wherein the base |ayer residual

error coelfi chuglhs ik cofithlles it HRLIHARNaAR iRFL AdAlaBARE LiBYRLodST dual

error coefficient and an orfvgina nc ayer residua
coef fi ci enbanoemeedayer amd-dolled dmdhancenent | ayer differential refinement is
determ ned based on the residual error coefficient and the original

enhancenent | ayer residual error coefficient neans for conbining the

recei ved jpase Thaygfarfhs 6NIARE vt MBchdheror 86RunedurgiRanpai®nt | ayer of
encoded data; neans for conbining the residual error coefficient and the

differential meppnéoredequaniizing tthe comhivied duish deysr | amyleenhancknenh dmee ngnt
| ayer Ofeﬁ&ﬁ@&?ﬁa%xta; and nmeans for decodi ng the conmbi ned data, wherein
the neans fo ecoding further conprises neans for decodi ng the conbi ned

base | ayer, enkanc@rBiRtrst ayedfomiifg theeleqe@fiddiReh.r esi dual error coefficient
and differential refinenent. 10. The apparatus of claim9, further
conprising: neans for converting the base |ayer of encoded data froma

first quaRti zghl Qhhas48Por Hid®. WcRisecond quanti zation step size, wherein
the recei ved enhancenent [ayer of

means for receiving comprises a receiver to receive a base layer of encoded data
and an enhancement layer of encoded data and to receive a residual error coefficient in
the base layer of encoded data and a differential refinement to the base layer residual
error coefficient in the enhancement layer of encoded data, wherein the base layer
residual error coefficient is either a minimum of an original base layer residual error
coefficient and an original enhancement layer residual error coefficient or zero, and the
enhancement layer differential refinement is determined based on the residual error
coefficient and the original enhancement layer residual error coefficient:

means for combining comprises a combiner to combine the received base layer of
encoded data and the received enhancement layer of encoded data, wherein the combiner
is further configured to combine the residual error coefficient and the differential
refinement with the combined base layer and enhancement layer of encoded data; and

means for decoding comprises a decoder to decode the combined data, wherein
the decoder is further configured to decode the combined base layer of encoded data,
enhancement layer of encoded data and the combined residual error coefficient and

differential refinement.



encoded data is encoded in the second quantization step size. 11. The
apparatus of claim 10, wherein the neans for scaling further conprises:
nmeans for bit shifting the base |ayer of encoded data. 12. The apparatus
of claim9, wherein the nmeans for receiving further conprises: means for
identifying intra-coded data in the regeived base |ayer of encoded data
and for identifying a differential refinenent to the received base | ayer
intra-coded data in the received enhancenent |ayer of' encoded data. 13.
The appariat us Tk appahtis b2 clafrir §hREtheosiprBInAG scdiér com@dised @F cole&deieng t he
identifi&p base | Yer intra-coded data in a first pass for decoding;
means f orP¥fec¥ar ﬁﬁ 3 QErncededy daianbipmeelitt HYUIZatioR SEPcodedodatsey a
second : oding, 3 $or i i e se | ayer
ht o cot A AR T g TSR R ol o ERR0EE (RRR.. T
The appareatagsd of the lsedoml guaniizeti@i stet iee. means f or decodi ng furt her
conprises: neans for dequantizing the conbi ned base | ayer and enhancenent
| ayer of encoded data; and neans for inverse transform ng the dequantized

data. 187. Thehappgdrahysf @hintl Ki fortor c%h?fiﬁh@ an TRAAKerl &)‘hﬁ%@&@kd’id&gﬁfy
conprises a receiver to receive a base |ayer of encoded data and an

enhanceneffa-¢qlpe daigfin dhecrsgaiviedibasy latige of endodedilate and e islediifyla differsntial
coeffici ' I . enc - i L

ot nemert eaRph e ARG TR jRRRAETARNE U Al oo B R Plover
enhanceneifitndody®dataf encoded data, wherein the base |ayer residual error
coefficient is either a m nimum of an original base |ayer residual error
coefficient and an original enhancenent |ayer residual error coefficient

or zero, 13nd tiig apSRNANCLERM 152KREreH tfhfe%i"e&gite} Al furREd &ng‘%ﬂxteditﬁ HMejgor m ned

based on the residual error coefficient and the original” enhancenent
| ayer r edhalidantifiedrbese lepafifreralst datmgnndirftpasciontesrdimg, todgendesidsntiiedonbi ner

t o comnbi the regeived base . layver of encoded data and the recei ved
enhance rrg ﬁ lanf%r?eenﬁ q%er &h rcaé%oec%d (313%6{}1 ARTEES ST ﬁ%r %’8%&’%&“‘1 tF% C‘?lﬂg‘t“ﬁre}s
conf i gur éattied confidirdtetot dvnbi@sihdurtodRE ke RO&Tihireicemd & addenedictdRuent i al

refinenment wth the conbi ned base | ayer and enhancenent |ayer of encoded
dat a: and@nhancement layer intra-coded data.

19.  The apparatus of claim 15, further comprising a dequantizer configured to
dequantize the combined base layer and enhancement layer of encoded data, and a

transformer configured to inverse transform the dequantized data.

20. A processor for decoding a multimedia bitstream, the processor configured to:
receive a base layer of encoded data and an enhancement layer of encoded data;
receive a residual error coefficient in the base layer of encoded data and receive a

differential refinement to the base layer residual error coefficient in the enhancement

layer of encoded data, wherein the base layer residual error coefficient is either a

minimum of an original base layer residual error coefficient and an original enhancement

layer residual error coefficient or zero, and the enhancement layer differential refinement
is determined based on the residual error coefficient and the original enhancement layer
residual error coefficient;

combine the received base layer of encoded data and the réceived enhancement

layer of encoded data;



means for decoding conprises a decoder to decode the conbi ned data,
wherein the decoder is further configured to decode the conbi ned base

| ayer of encoded data, enhancenent |ayer of encoded data and the conbi ned
residual error coefficient and differential refinenent. 28 M The
apparatus of claim 15, further conprigsjng a scaler configured to convert
the base |ayer data of encoded data froma first quantization step size
to a second quantization step size, wherein the received enhancenent

| ayer of encodegbitattbe irs&sidiahendedodfficititearsieho ndiffepganidli 2 Ahdrdht Stieptigl ze.

17. The a ratus of claim 15, further conprising an identifier configured
to identﬁgggnﬁﬁgW§J€EHéﬂjﬁgﬁgﬁnﬁnf errd eBaded dpas®d ayer of encoded data
and to identi 1 i i t i i yer
e coded. deras a R P L b A R B TSl D e
The appardatassd dfe widiimad 18sidwsh erreri quetflvéentiaslod Herengal frefitenent.conf i gured to
decode the identified base |layer intra-coded data in a first pass for
decodi ng, to decode identified enhancenent |ayer intra-coded data in a

second pass fqhe gﬁﬁ@ﬁédﬂgof anih 1oe feeHEi defigirsd t6 Wohibale GRNfdsHIUAICEdO
conbi ne the decoded base | ayer .intra-coded data and the decoded

enhanceneaefficigyendithe disfereptialgetiagnent pith theeombiprs bise lyerfandleahancementf ur t her
conpri si i fig t uant i i e |ayer
and ennanghaty 80 46, S0 lo0ukE, LR RRRIRA, bES hOS SPRLART A5G (o

i nver se tenkamsémoem e deeuradtd ded ddt e Rihbirkdpresidesisatorf afeffig@ndindg a

mul t i medi bits}r am the processor configured to: receive a base |ayer
of encodé@ﬁﬁgFﬁ'gﬁﬂmaﬂﬂenhancenent | ayer of encoded data; receive a
residual error coefficient in the base |ayer of encoded data and receive a
differential refinenent to the base |ayer residual error coefficient in

t he enhaRéenedthe proggsser offclamc &dthgacafigwied tetonvetighdlese ldyayefencedsiddual

error co icient-is either a.  m.ninoumof an origi.nal base |ayer residua
error coe%ﬁf‘ai f%(%ng %t ﬁllg]?l uaa{l&llz%e)t%qngslt?{)aflzeeg%%r?gceor(}g rﬂuamllng@? S?Bs“fﬂ%‘fu&%@m @\e

coef fi ci estkived ezleoemandajdief enhaog dnRnt chayed ifikefet®iat diahtizebh @@Fﬂent i's
determ ned based on the residual error coefficient and the origina

enhancemélf: | ayer residual error coefficient; conbine the received base
| ayer of encoded data and the received enhancenent |ayer of encoded dat a;

23. The processor of claim 20, further configured to identify intra-coded data in the
received base layer of encoded data and to identify a differential refinement to received

base layer intra-coded data in the received enhancement layer of encoded data.

24. The processor of claim 23, further configured to decode the identified base layer
intra-coded data in a first pass for decoding, to decode identified enhancement layer intra-
coded data in a second pass for decoding, and to combine the decoded base layer intra-

coded data and the decoded enhancement layer intra-coded data.

25. The processor of claim 20, further configured to dequantize the combined base

layer and enhancement layer of encoded data, and to inverse transform the dequantized

data.

26. A method of encoding multimedia data, comprising:



29 conbine the residual error coefficient and the differential refinenment
with the conbi ned base | ayer and enhancenent | ayer of encoded data; and
decode the conbi ned base | ayer of encoded data, enhancenent |ayer of
encoded data and the conbined residual error coefficient and differential
refinement. 21. The processor of clai4g 20, further configured to conbine
the residual error coefficient and the differential refinenent wth the
conbi ned base | ayer and enhancenent |ayer of encoded data, and to decode
t he conbi ned bésginkayarfooéncediegaed fiekdlaer ardnhansenendr tb ayer dedodazcsrded
data and thg conbi ned re5|dual error coefficient and djfferenti al

ref i nemerie AP In ypiggls QRO lagr. Whespim thofirst [ayehet encered ¢air sempigses dnver t

the base fa¥etRfent MGAMGIVhEBhANE 5QThE liyef oF ARG | ?até rRbER flmg 1O 2

second quantlzatlon step size, wherein the received enhancenent |ayer of
encoded gatficicat, emthudber WhereihehesBrsomd squmdtcoeféicicots as¢ eged fori deeodi®8. The

processor of claim?2 further onf ured to.ide tlf i nt coded data in
the received %g@@gﬁ %ﬁ“gvf%ﬁﬁﬁ %ﬁ@&ngmhﬁ¥ta R[] dfyeééﬁwpferentla

refinenment tocilegefintesseddns primdYBbfficith Basé@de thdatsBaldsde bRl EREREMRY
enhancenent |ayer of encoded data. 24. The processor of claim 23, further

configuréddto decode the identified base layer intra-coded data in a

first pass fog,dag d{hggseléc?edd%QgﬁC{' eﬂfsi flégr%fj FAROCEOTHF 148 S Bl &

coded data in a se 0 co ‘decoded base
| ayer i ntel’l@}dlr(g(ﬁiﬂﬂerd:amrla&‘sdlstnlg&hcdﬁﬁt)piﬂde easﬂ*ﬁﬁmer&rfemmcbwgﬁn theffiraigefed

data. 25. rocess r .of cl further configuyred to dequantize the
conbinedaﬂggﬁn ﬂﬁﬁ@?m REME RS @5%%%?6?%§5$16ﬂ“@ﬁ8§%@ﬂwﬂata and to inverse

transform the wiegunnid ARY cofifibnt R0 vhsTREBOF:RhaPREATLAGrEMA hiegha data,

conprising. 30 selecting data for encoding in a first layer and a second
| ayer tosedohdwoadbeientiingn ofhanbamataiayer residugiongt eoafﬁcrbmtnatd fuathier whaskier ei n
the first f encoded data c es a i cient, further
wher ei n t‘ﬁl%& écf%rglbe 8B SO t%ﬁ%%%?ﬂm&? IF’%tstO eseétg%rr?dm”’d‘i%lpqum ent,
and furt kierfirsheretidlerit Iaﬁd ther storRineb e RGN0 dr 06 dldCdafita$ind Fgr e @FmbAses
decodi ng; selecting a first prime coefficient based onthe first and

second cB&¥Hrg teasroad pripwicesiiistenhenval @dbovegonstostlicieséf fi ci ent based on t he
first and second coefficients;

27.  The method of claim 26, wherein encoding comprises:

encoding a differential refinement of the first layer coefficient in the second layer.

28.  The method of claim 26, wherein the method further comprises associating block
header information and motion vector information with the first layer, said block header

information and motion vector information being derived from the received data.

29.  The method of claim 26, wherein the method further comprises quantizing the
first layer of encoded data at a first step size, and quantizing the second layer of encoded
data at a second step size, wherein the first step size and second step size are related by a

scale factor.

30.  The method of claim 26, wherein the data comprises intra-coded data and further
wherein encoding further comprises encoding the intra-coded data in the first layer or in

the first and second layers.



and encoding the selected data in the first |layer and the second | ayer,
wherein encoding further conprises using the first prinme coefficient for
encoding in the first layer, and using the second prine coefficient for
encoding in the second | ayer, wherein the first coefficient is a base

| ayer residual error coefficient and ? e second coefficient is an
enhancenent |ayer residual error coefficient, and further wherein
selecting further conprises selecting the first prine coefficient to be
either a mninumof the first coefficient and the second coefficient or
zero, and calculating further conprises setting the second prine

coef fici &t edhamateod pkclage dadwaereis the jdats: compyisestderrrogeh datas Wherginm 26,
wher ei n ' ' ' 0] i at Al [ nt of the
rst 1 g e o By e S s R R o et &1 m 26,
wherein the method further conprises associating block header information

and noti vector informtion wth .the fjirs ayer, said block header
o nat Han- ande s RO VRED 61 HHeGF hedtrosed B gy Shhrit Criie 98 Goei ved
data. 29.thelhgedi®Rt 4l a®int&lRIBA dfta MRS BisD 1dyBeatBidiR of thet ARGt AARI dsSeS
gquantizing the first |layer of encoded data at a first step size, and

quant i zi ngfer-ensled daterdtheggemdddyeencoded data at a second step size,
wherein the first step size and second step size are related by a scale
factor. 30. The method of claim26, wherein the data conprises intra-coded
dat a and 3Burt Tae mwhed eifncleine @dj Rdhefeitt teheudigo fptlies adngpniced ieng@didge the
intra-coded data in the fi gt Jaéer of in the first and second | ayers. 31
31. The ﬁ@@ﬁﬁgdﬁFa%WH?ﬁ¥§%{2Wh@ﬁ ¢ Hrst R¥edat a conprises inter-coded dat a,
wherein encoding further conprises encoding the inter-coded data in the
second |l ayer. 32. The nethod of claim 26, wherein encoding further

conpr i ses4encdiit metlywhef diim Rhevisedie chedingafuathascainmrees enadthgdate ofn t he

first layer and sone of .the selected data,as inter-coded data jn the
second | eef‘e?ecgeg. ‘%ﬁgs %‘iahccg’gecﬁflatélllé?l?ﬁ %?la‘)ﬁ%"r‘@i ?‘Pnéehﬁggle rf@%Ftﬁatdﬁ ras

conpri sesntenesdd Agaihhe ss@h@tdyed data as intra-coded data in the first
| ayer. 34. The nethod of claim 26, wherein encoding further conprises

encodi ng sonme of the selected data as intra-coded data in the first |ayer

and some 5gf t he FRl G6HEH ofiefiin 38, AlALELHERAGE GRbANL BE S HERRGubAY ST -

wherein the overhead information is a member of a group consisting of data identifying a
number of layers, data identifying a layer as a base layer, data identifying a layer as an
enhancement layer, data identifying an inter-relationship between layers, and data

identifying a layer as a final enhancement layer.

36.  An apparatus for encoding multimedia data, comprising:

means for selecting data for encoding in a first layer and a second layer to allow
decoding of the data in a single combined layer, wherein the first layer of encoded data
comprises a first coefficient, further wherein the second layer of encoded data comprises
a second coefficient, and further wherein the first and second coefficients are used for
decoding;

means for selecting a first prime coefficient based on the first and second

coefficients;

means for calculating a second prime coefficient based on the first and second

coefficients; and



35. The nethod of claim 26, further conprising encodi ng over head
information, wherein the overhead information is a nenber of a group
consisting of data identifying a nunber of |ayers, data identifying a

| ayer as a base |ayer, data identifying a | ayer as an enhancenent |ayer,
data identifying an inter-rel ati onshi g between | ayers, and data
identifying a layer as a final enhancenent |ayer. 36. An apparatus for
encodi ng mul ti nedi a data, conprising: neans for selecting data for
encoding i n anfdans fforl encedingntle acleetednidtal mythe ﬁmtaheomnddmﬁeﬂbnglqknthe

data in si ngl e conbi ne wher.ein the first of enc ded data
conprlseéwgm? PSS PWP@F@?%““FGPWHB%*NH@P%?“‘§W§ﬂ§eﬁ hﬂnpﬁ§@? ?mencoded

data conpsi &RSding iHaEeTHsCRSET Iaﬁd @fthns ALty tRefecoMiep@inh doBficldnt $8r and
second coefficients are used fo decodi ng; neans for selecting a first

prinme coehtqdingintthdiesen loyert he flrst and second coefficients; means for
cal cul ati ng avﬁl%%%g%ep Hslgecogﬁ’% em % grbtasé) gld Loy dua[]%g]:)r' 'E:(?%fﬁmedtt S ﬁ]nr st

coefficients encodi ng t e

| ayer andeddnd ceeftioidt is ay enhancwhett diyer rerinsl drok cestoidit gnd ﬂrrﬂlhewmempr i ses
means for using the first prinme coefficient for encoding in the first

| ayer, arefReiRselpenefuithey COmBTisss dBsigs g}*ﬁﬁlﬁct%&‘? Pest ermefcgetiicientiodieng in

t he secongpdavfhimit %‘f ﬁle%r&ﬂ%efﬂcfeﬁ% ak08E tdBh@RerhiSed o?%@r% érﬁlyrﬁéanﬁ gl dual

error coefficient and second coefficient Is an enhancenent [ayer

resi dual celcnloting bathei @Qrepnses aneans flor sdieng thhee@ind primeactsfficent sgha ¢t ihreg
further coqﬁrls%f nmeans for selecting the first prime coefficient to be
either a 8" he first coefficient and the second coefficient or
zero, and neans for calculating further conprises neans for setting the
second prlne coefficient equal to the second coefficient. 37. The
appar at us/of dharprasBus Qfifdde; 39, Mﬁ@fﬁéhﬁ§Wﬂﬁﬂbéﬁ6@émﬁg0€®ﬁﬁﬁlses neans for

encoding a di blgreptl. tr'eﬁl:ocfl angﬁfe& tiaP LottoBfhehd ohe 'fﬂa/t%%e% fﬂc?enf%ﬂe“ the

second | ayer. atus o alm nmeans for
associ at isegnblayek header |nfornat|on and notion vector |nfornat|on W th
the first layer, said block header information and notion vector

i nformation being

38.  The apparatus of claim 36, further comprising:
means for associating block header information and motion vector information
with the first layer, said block header information and motion vector information being

derived from the received data.

39.  The apparatus of claim 36, further comprising:
means for quantizing the first layer of encoded data at a first step size; and
means for quantizing the second layer of encoded data at a second step size,

wherein the first step size and second step size are related by a scale factor.

40.  The apparatus of claim 36, wherein the data is intra-coded data and further
wherein means for encoding encodes the intra-coded data in the first layer or in the first

and second layers.

41.  The apparatus of claim 36, wherein the data is inter-coded data and further

wherein means for encoding encodes the inter-coded data in the second layer.



derived fromthe received data. 39. The apparatus of claim 36, further
~conprising: means for quantizing the first |ayer of encoded data at a
first step size; and neans for quantizing the second | ayer of encoded data
at a second step size, wherein the first step size and second step size
are related by a scale factor. 40. Thegyapparatus of claim 36, wherein the
data is intra-coded data and further wherein neans for encodi ng encodes
the intra-coded data in the first layer or in the first and second

| ayers. 41. The apparatus of claim 36, wherein the data is inter-coded

data and further wherein neans for encoding encodes the inter-coded data
in the sédond Tﬁ%ﬁ%‘?@rat}‘ﬁ Of[\]]‘éalﬂ@.@‘f‘ﬁ@eéﬁﬁ%?%ﬂ% of claim36, further

conpri sing: meang; fR ren@amgi&%%e%%ta&@aqmm%%tt%@Bverw@a%r’ﬁfo?m%@&l Quer head
information is a nenber of a group consisting of data |dent| ying a
nunber ofmdnzheeo§ a ghdatpacdndisting blydatg identifyanger nasba didsyerd, algarideddyiag a
identifying a | ayer as .enhancenent | ayer, data identifyi .an

| nter - ol 6T Bna PG BRI Tspe i S B Y st | BY hgany £ nal
enhancememtr-relapRhip $3twobn 4RSS RO daf01de G RY A Gyt ianBeli] @ndaicemethe
processor configured to control the mnethod conprising: selecting data for

encodinglﬂﬁﬁa first layer and a second |ayer to allow decoding of the
data in a single conbined | ayer, wherein the first |ayer of encoded data
conmprises a first coefficient, further wherein the second | ayer of
encoded dat a coprprdéssedoaesedinpauldoefii datheht proaedof contigetred wh esretoh tHehe

first and second coefficients are used for decoding; selecting a first
prinme codt¥ioORPSESed on the first and second coefficients: calculating

a second pri meci6aRbldel BntnddaBeth @ frd hef biasf scBith BOGADASRLLIctiLAL S
d h ayer,

and encoding the selected data in the first |layer and the secon

wher ei n  thndatalimy sinaletdeabingdripyer.swhereisithg fitshéayer pSencpdéchente oehpiics ent f or
encoding fird ctohﬁ'lcie'n[ Sﬂlr&il%y\%erein&ﬂg setond Q#eep f%f fe@%o gg éife{a: &Engﬁfsg% ]élsgclzogl ; ef or

encodi ng 'In the secon ayer, ereint i
| ayer resbelfialenteadfurthereihdrein et fignshdtsbeérnd e efidienteed fided if@iecdEn@n

enhancenent |ayer, resjidual errqor coefficient, and further wherein
sélecting a first prime coefficient based on the first and second coefficients;
calculating a second prime coefficient based on the first and second coefficients;
and
encoding the selected data in the first layer and the second layer, wherein
encoding further comprises using the first prime coefficient for encoding in the first layer,
and using the second prime coefficient for encoding in the second layer,
wherein the first coefficient is a base layer residual error coefficient and the second
coefficient is an enhancement layer residual error coefficient, and further wherein
selecting further comprises selecting the first prime coefficient to be either a minimum of

the first coefficient and the second coefficient or zero, and calculating further comprises

setting the second prime coefficient equal to the second coefficient

44.  The processor of claim 43, wherein encoding comprises:

encoding a differential refinement of the first layer coefficient in the second layer.



selecting further conprises selecting the first prime coefficient to be
either a mninumof the first coefficient and the second coefficient or
zero, and cal culating further conprises setting the second prine
coefficient equal to the second coefficient 44. The processor of claim43,
wher ei n encodi ng conprises: encoding g differential refinenent of the
first layer coefficient in the second |ayer. 34 45. The processor of
claim43, wherein the nmethod further conprises associating block header

i nf or mat i46n aftie Mobddessor wefcdlam HAf oheraini tha méthdd firenet icosipribayasocigmigd bl ock
header intormation and notion vector information being derived fromthe
recei ved bﬁfﬁi(g’%aéelé?%ﬁ*ﬂﬁtmﬁr Pdgugiien %@toéll%ﬁgﬁ?%?,n Wléﬁlﬁ fgfs’t Eé‘el}’réi”ﬂé’é"cﬂ(urt her
CONPr i SehestaMfbiiafign bi®mofibh Séctdra¥@FmAfonaRaRARA VAR 8mahe AclivESlatSt €P
size, and quantizing the second | ayer of encoded data at a second step
size, wherein the first step size and second step size are related by a
scal e facgtor. The pr SS of clamAa3, rein the nethod further
compri seat endBEPRS e Sg0RPREEEY o Phe Tt Shetna VBN PR SseRhadine the

i nf or mat ifpst layer af ereobar daod ata WSOYED sisQasd GidntigingthedRtend ldpttdff ancodda
nunber of |ayers, data identifying_ a |ayer as a base |ayer, data

i dent i fyi‘Ag %aﬁ%ﬁ?&i StSB SR WheTai R Bt Steihigs andyeeand Hsize e dgjatsd by a
inter-rel@ahippghip between layers, and data identifying a layer as a
final enhancenent |ayer. 48. The apparatus of claim 36, wherein: nmeans for
sel ecting and neans for calculating conprises a receiver configured to

sel ect data for gncoding i first |ayer, and,a,second |ayer to all ow
decodi ng%gf t he ﬁ?t%fofer?gloraor}sﬁ?ﬂﬁl g%ﬁﬁ%{%g@ ghad ,%ur\?\l}?ércﬁnﬁ}/‘feﬁé?rf‘ioa?ﬁ | ayer
of encodegetlaida iompitios e Svirrdin rteé ovemedd isfoamtiont W khAEmBAELEIN otdig Second
| ayer of encoded data conprises a second coefficient, and furtﬁer wherein

the firstcoRwhdingof dnd idwsfiing i anmberpidaygeedath ddentiBdnglh fayer asvhbaseilayet,he
receiver 4. ; C [ e e ime coefficient. based
on the frASHHIIRE AN BUEPHHhRRPRYeS dla Bty BT SRR e

coef fi ci éntwebabgdrspmdtdae itlentHying anayes ecofichl enlehtémermyei. and means for
encodi ng conpri ses an encoder configured to encode the selected data in
the first layer and the second | ayer, wherein the encoder uses the first

prime coagfi cirg@hppatis ANERLI BIwh&elnhe first layer, and uses the second
prinme coefficient for encoding in the second |ayer, wherein the first

coef ficient iBeansfasecleciparand esiadutor celenlotingowfhjirises emtceamrd cdrifigured to
select data for encoding in a first layer and a second layer to allow decoding of the data in
a single combined layer, wherein the first layer of encoded data comprises a first
coefficient, further wherein the second layer of encoded data comprises a second
coefficient, and further wherein the first and second coefficients are used for decoding,
wherein the receiver is further configured to select a first prime coefficient based on the
first and second coefficients, and calculate a second prime coefficient based on the first
and second coefficients; and
means for encoding comprises an encoder configured to encode the selected data
in the first layer and the second layer, wherein the encoder uses the first prime coefficient
for encoding in the first layer, and uses the second prime coefficient for encoding in the
second layer,
wherein the first coefficient is a base layer residual error coefficient and the
second coefficient is an enhancement layer residual error coefficient, and further wherein

the receiver selects the first prime coefficient to be either a minimum of the first



second coefficient is an enhancenent |ayer residual error coefficient, and
further wherein the receiver selects the first prinme coefficient to be
either a mninumof the first 35 coefficient and the second coefficient
or zero, and sets the second prine coefficient equal to the second
coefficient. 49. The apparatus of claggn 48, wherein the encoder: encodes a
differential refinenment of the first layer coefficient, in the second
| ayer.

coefficient and the second coefficient or zero, and sets the second prime coefficient equal

to the second coefficient.

49.  The apparatus of claim 48, wherein the encoder:

encodes a differential refinement of the first layer coefficient in the second layer.



